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The  adrenal  cortex  plays  an  important  part  in  the  regulation  of  the  composi' 
tion  of  blood  plasma.  In  its  absence  plasma  volume  is  reduced,  plasma  sodium 
falls  and  potassium  rises.  Treatment  of  an  adrenalectomi^ed  animal  with 
adrenal  extract  can  maintain  the  normal  volume  and  electrolyte  composition  of  the 
plasma.  This  extract  can  be  divided  into  two  fractions,  one  (sodium  factor  fraction) 
which  maintains  normal  electrolyte  composition  and  the  other  (cortin  fraction)  which 
maintains  the  health  of  the  adrenalectomized  animal  with  a  normal  plasma  volume 
and  a  low  plasma  sodium  (i).  The  synthetic  compound,  desoxycorticosterone,  can 
also  maintain  normal  plasma  volume  and  electrolyte  pattern. 

Quite  recently  Levin  and  Leathern  (2)  have  reported  the  effects  of  adrenalectomy 
on  the  plasma  proteins  of  six  rats.  Their  observations  led  to  the  tentative  conclusion 
that  the  albumin  level  is  maintained  by  the  adrenal  cortex. 

In  the  present  investigation  we  have  studied  the  effects  of  various  adrenal  prep- 
arations  as  well  as  of  sodium  salts  on  the  plasma  protein  of  adrenalectomized  animals. 

There  was  a  significant  increase  in  the  total  plasma  protein  during  insuflSciency 
and  a  decrease  in  the  albumin'globulin  ratio  not  only  in  adrenal  insufficiency  but 
during  all  forms  of  treatment.  The  latter  appeared  to  be  due  to  an  increase  in  globulin 
which  was  usually  associated  with  a  decrease  in  albumin. 

METHODS 

Adult  dogs  which  had  been  carefully  selected  and  kept  in  the  laboratory  for 
months  were  used.  They  were  freed  from  worms  and  immunized  against  distemper. 
Adult  cats  that  had  been  selected  for  their  good  health  from  animals  kept  in  the 
laboratory  for  several  weeks  were  employed.  All  animals  were  on  a  constant  diet. 
Each  dog  was  fed  ground  beef  heart,  Purina  dog  chow  and  2  gm.  of  sodium  chloride 
daily.  Each  cat  was  fed  100  gm.  of  ground  beef  heart,  50  gm.  of  canned  salmon  and 
50  cc.  of  milk.  Dogs  and  cats  were  fed  at  9  A.M.  except  for  the  day  when  blood  was 
taken. 
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All  blood  samples  were  taken  in  the  morning  before  feeding.  The  blood  was 
drawn  from  the  radial  or  jugular  vein,  care  being  taken  to  avoid  stasis.  The  dogs  were 
trained  to  lie  quietly  while  being  bled.  Heparin  was  used  as  anticoagulant.  Blood 
volume  determinations  were  made  using  the  Evans  blue  dye,  T'1824,  by  the  method 
of  Gibson  and  Evans  (5).  In  the  earlier  determinations  an  ordinary  colorimeter  was 
used.  A  red  filter  (H.  R.  Traffic  red  245%,  No.  245,  Coming  Glass  Co.)  eliminated 
the  error  due  to  hemolysis.  Later  an  Evelyn  photoelectric  colorimeter  was  used,  light 
filters  No.  540M  and  620  being  employed. 

The  plasma  proteins  were  fractionated  by  the  method  of  Campbell  and  Hanna  (4) 

Table  i.  Plasma  proteins  of  normal  dogs 


Date 

Dog, 

Sex 

•“.s? 

Diet  per  kg. 

Daily 

Plasma 

Protein, 

Average 

per 

Beef,  gm. 

Purina,  gm. 

gm./ioo  cc. 

Dog 

10/24/18 

iM,  (f 

16 

31 

5-59 

10/27/18 

5.21 

11/  4/38 

HI 

5-37 

?-39 

10/24/18 

2M,  o' 

20 

30 

5 

5.81 

11/  4/38 

5-55 

1/  7/39 

6.20 

1/10/19 

6.09 

1/16/19 

5.65; 

5.86 

1/27/39 

4M,  o' 

10 

5.54 

2/  1/39 

5.92 

5-73 

3/17/39 

6M.  cf 

18 

27.7 

3-9 

6.05 

3/21/39 

6.10 

6.18 

3/31/39 

7M,  o' 

1? 

33 

4.6 

6.53 

6-53 

1/27/39 

Bi.  9 

7-5 

40 

9-3 

6.00 

6.00 

2/18/19 

28,  9 

10 

3? 

7 

mSM 

2/22/19 

2/24/39 

3/  8/19 

WBBM 

6.51 

10/29/18 

29,  9 

10 

25 

7 

5.26 

5.26 

10/28/19 

37.  9 

10 

25 

7 

?-52 

5-52 

Average 

y.88 

and  were  analyzed  by  two  methods  in  order  to  ascertain  possible  qualitative  changes. 
These  were,  d),  the  method  of  Hoagland  and  Fisher  (5)  and  b),  the  Pregl  modification 
of  the  micro'Kjeldahl  method  (6),  the  non^protein  nitrogen  being  determined  accord¬ 
ing  to  Van  Slyke’s  method  (7). 

Sodium  was  determined  by  the  method  of  Butler  and  Tuthill  (8).  Urea  nitrogen 
was  determined  by  the  method  of  Van  Slyke  (7).  The  volume  per  cent  of  packed 
erythrocytes  was  determined  by  the  method  of  Wintrobe  (9). 

The  dogs  were  studied  before  and  after  adrenalectomy  which  was  performed 
aseptically  in  a  two-stage  operation  under  ether  anesthesia. 

Extracts.  Whole  (unfractionated)  extract  was  obtained  from  the  whole  beef 
adrenal  by  the  acetone  method  (10).  It  contained  both  cortin  and  the  sodium  factor. 
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The  methods  for  the  preparation  of  cortin  and  sodium  factor  are  described  elsewhere 

(ii). 

All  injections  were  made  subcutaneously  twice  daily  at  8  A.M.  and  5  P.M., 
except  in  the  case  of  desoxycorticosterone  acetate  in  oil  which  was  injected  once  daily. 

When  sodium  salts  were  used  for  treatment  (dogs  iM,  6M,  and  7M),  they  were 
administered  for  the  24'hour  period  as  follows :  i  per  cent  sodium  chloride  in  drinking 
water,  10  gm.;  sodium  chloride  in  food,  7  gm.;  sodium  bicarbonate  in  drinking  water, 
2  gm.;  sodium  bicarbonate  by  capsule,  3  gm.;  sodium  citrate  by  capsule,  2  gm. 

Sufficient  extract  was  employed  to  maintain  the  adrenalectomized  animal  in  good 
condition  as  determined  by  normal  values  for  sodium  and  potassium  in  the  plasma 


Fig.  I.  Effect  of  adrenal  preparations  on  plasma  protein  in  an  adrenalectomized  dog 


and  urea  in  the  blood  for  all  animals  except  those  treated  by  cortin.  In  the  latter 
instance  the  animal  was  considered  in  good  condition  if  his  blood  urea  was  low  and 
he  reacted  in  a  normal  manner. 

RESULTS 

J^ormal  dogs.  The  plasma  proteins  were  determined  in  9  normal  dogs.  In  certain 
individuals  this  was  done  several  times  (table  1).  The  range  of  values  among  the 
different  dogs  extended  from  5.26  to  6.53  gm.  per  cent.  The  average  was  5.88  gm. 
per  cent. 

Adrenalectomized  dogs.  Five  of  the  dogs  listed  in  table  1  were  studied  after 
adrenalectomy.  These  were  followed  for  6  to  18  months  after  adrenalectomy,  being 
kept  from  2  to  8  weeks  on  each  treatment. 

The  two  methods  used  for  plasma  protein  determinations  checked  within  2  per 
cent.  Therefore  there  was  no  indication  of  a  qualitative  change  in  the  proteins. 

Typical  changes  are  shown  in  figure  i.  The  total  plasma  protein  was  increased 
greatly  during  adrenal  insufficiency  and  in  some  instances  (dogs  iM  and  2M,  fig.  2) 
during  cortin  treatment.  During  insufficiency  the  percentage  increase  over  normal 
was  as  follows:  dog  iM,  32.6;  dog  2M,  56.5;  dog  28,  30.9;  dog  6M,  39.4  and  dog  7M, 
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23.8.  During  cortin  treatment  the  percentage  increases  were:  dog  iM,  67.6;  dog  2M, 
37.8;  dog  6M,  2.4  and  dog  7M,  7.0.  During  desoxycorticosterone  treatment  3  dogs 
showed  an  increase:  dog  iM,  32.8  per  cent;  dog  2M,  32.9  per  cent;  dog  28,  13.9  per 
cent,  while  the  others  showed  a  decrease:  dog  6M,  7.2  per  cent;  dog  7M,  6.4  per  cent. 

It  will  be  noted  that  all  total  plasma  protein  values  were  high  after  adrenalectomy 
in  dog  iM.  This  animal  required  more  food  to  maintain  his  weight  after  adrenalectomy 
than  before  (500  gm.  of  beef  heart  and  75  gm.  of  Purina  dog  chow  as  compared  with 
400  gm.  of  beef  heart  and  70  gm.  of  Purina  dog  chow  before).  The  normal  value  was 
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Fig.  2.  Blood  changes  in  adrenalectomized  dogs  under  different  treatments 


correct  since  it  checked  closely  on  three  occasions.  The  animal  was  in  excellent  con¬ 
dition.  The  volume  per  cent  of  erythrocytes  was  low  during  treatment  with  whole 
extract,  sodium  factor  and  desoxycorticosterone  acetate.  The  low  value  during  treat¬ 
ment  with  whole  extract  can  be  accounted  for  by  considerable  loss  of  blood  at  the 
second  operation.  The  volume  per  cent  of  erythrocytes  returned  to  normal  during 
cortin  treatment  but  again  fell  with  sodium  factor  and  desoxycorticosterone. 

In  dog  2M  the  erythrocyte  volume  per  cent  was  also  low  with  sodium  factor  and 
desoxycorticosterone . 

Variation  in  the  amount  of  treatment  within  the  limits  of  no  obvious  insufficiency 
will  lead  to  changes  in  protein  concentration.  In  dog  2M,  although  the  plasma  protein 
was  higher  than  normal  with  whole  extract  after  adrenalectomy,  it  was  increased 
further  when  the  extract  was  reduced. 

The  proteins  were  fractionated  in  dogs  6M  and  7M  (table  2).  The  fibrinogen  was 
increased  from  the  control  levels  35  to  176  per  cent  after  adrenalectomy  regardless  of 
treatment.  However,  it  remained  within  the  normal  range. 

The  arlbumin  was  decreased  after  adrenalectomy.  Except  during  treatment  with 
whole  extract  (decrease  of  2.4  per  cent)  the  decrease  ranged  from  9  to  29  per  cent. 
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The  globulin  was  increased  decidedly  after  adrenalectomy  except  in  dog  6M  during 
desoxycorticosterone  treatment.  During  insuflSciency  the  increase  was  very  large 
(148  and  168  per  cent).  These  changes  produced  considerable  reduction  in  the  ah 
bumin'globulin  ratio.  After  adrenalectomy  all  ratios  were  lowered  considerably  re¬ 
gardless  of  the  type  of  treatment.  However,  the  reduction  was  least  with  whole 
extract. 

The  urine  of  adrenalectomized  animals  was  tested  for  albumin  at  least  once  a 
month  and  was  always  found  to  be  negative. 

J^ormal  cats.  The  plasma  protein  was  determined  in  25  normal  cats.  It  ranged 
from  7.52  to  11.52  gm.  per  cent,  with  an  average  of  8.83  gm.  per  cent.  The  plasma 


T ABLE  a.  Plasma  proteins 


Total 
Protein 
Gm.  % 

6M  7M 

Fibrin- 

ogen 

6M  7M 

Albumin, 

Gm  % 

6M  7M 

Globulin, 

Gm.  % 

6M  7M 

Ratio, 

Albumin 

to 

Globulin 
6M  7M 

Blood 

Volume, 

%Body 

Wt. 

6M  7M 

CeU 

Volume, 

% 

6M  7M 

Plasma 
Sodium 
m.  eq./l. 

6M  7M 

Ncwmal 

6.15  6. JO 

0. ig  0.17 

J.98 

409 

a. 08 

a.ao 

1.9  1.9 

9.8 

10. 1 

49-0  55.0 

141.8  145.0 

After 

adrenalectomy 
Whole  extract, 

5a  days 

6.4g  6.60 

0.3a  0.3a 

3.88 

-».5% 

3-9S, 

-».4% 

a. 61 

+»5.5% 

a. 61 

+18.6% 

1.49  I. 43 

9.0 

9.4 

46.5  51.0 

141.8  141.0 

Sodium  factor, 

3a  days 

6.  ay  6.67 

0.4a  O.J3 

3-6]L 

-11.1% 

1.80 

+34.6% 

+J8.i% 

x.a4  i.ig 

9.4 

9-7 

39.0  46.0 

144-6  143.9 

Desoxycorticos' 
terone  acetate, 

4a  days 

5.80  5.90 

o.a8  0.1} 

m 

a.xg 

+?.3% 

3.00 
+  36.4% 

1.65  0.97 

9.0 

9.3 

4J.0  46  0 

145-0  145.4 

Cortin  fraction, 
16  days 

6.40  6.74 

0.31  o.a^ 

-!!%• 

1.98 

+43.»% 

3.50 

+w% 

t.l5  0.93 

93 

93 

44-0  5».o 

Sodium  salts, 
ai  days 

6.47  6.71 

0.30  0.47 

-^1% 

-*3% 

o.g  0.88 

9.4 

9.4 

46.0  54  0 

Insufficiency 

8.71  7.8 

o.a7 

-ii%* 

a.8g 
— ag.6% 

+148.5^ 

5-9 

-i-i68.a% 

0.69  0.49 

ji.o  56.5 

iji.i 

sodium  ranged  from  147.5  to  160.0  m.  eq.  per  h'ter.  There  seemed  to  be  no  relation, 
either  direct  or  indirect,  between  the  plasma  protein  and  plasma  sodium  levels.  The 
range  of  plasma  protein  was  so  great  that  it  was  impossible  to  employ  the  normal 
values  of  one  set  of  animals  as  a  basis  for  comparison  of  the  changes  occurring  after 
adrenalectomy  in  other  animals. 

Adrenalectomized  cats.  In  all  of  our  studies  on  adrenalectomi2;ed  cats  we  used  the 
normal  values  in  the  same  animal  as  a  basis  for  comparison.  Cats  were  less  satisfactory 
than  dogs  for  plasma  protein  studies.  We  observed  the  effect  of  desoxycorticosterone 
acetate  in  2  cats,  the  effect  of  whole  adrenal  extract  in  one  animal  and  the  effect  of 
adrenal  insufficiency  of  different  degrees,  in  4  animals.  The  results  are  shown  in 
table  3. 

In  the  cats  treated  with  enough  desoxycorticosterone  to  maintain  good  condition, 
the  plasma  protein  concentration  fell  while  the  erythrocyte  volume  per  cent  increased. 
During  insufficiency  the  plasma  protein  rose  above  normal  while  the  plasma  sodium 
fell.  In  2  of  the  animals  (IP  and  JE)  in  which  insufficiency  was  marked,  the  volume 
per  cent  of  erythrocytes  rose,  indicating  a  loss  of  plasma.  When  enough  whole  extract 
was  used  to  maintain  normal  plasma  sodium  the  plasma  protein  remained  unchanged 
(cat  HT).  In  the  cat  the  blood  urea  does  not  increase  significantly  until  marked  symp¬ 
toms  of  insufficiency  can  be  noted.  Cats  IL  and  IM  were  mildly  insufficient,  while 
cdt  JE  showed  symptoms  of  terminal  insufficiency. 
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DISCUSSION 

The  plasma  protein  for  normal  dogs  has  been  reported  by  Mathew  (12)  for  50 
animals  and  by  Weech  et  al.  (13)  for  19  animals.  The  values  obtained  by  Mathew 
averaged  7.23  gm.  with  a  range  from  6.56  to  8.17  gm.  per  100  cc.  Weech  et  al.  olv 
tained  a  value  of  6.36  ±0.71  gm.  Their  animals  were  fed  a  carefully  prepared  diet. 
Our  values  were  lower  than  those  for  either  group. 


Table  Blood  changes  in  the  cat  after  adrenalectomy 


Cat 

Sex 

Weight, 

kg- 

Treatment 

Plasma 

Na 

m.  eq./l. 

Plasma 

Protein 

gm-% 

Erythro¬ 

cytes 

vol.% 

Blood 
Urea 
Nitrogen 
mg./ 100  cc. 
blood 

IL 

M 

4- *4 

Normal 

Deaozycorticoeterone  acetate 
(a.y  mg./day) 

DeaoxyccEticoeterone  acetate 
(0. )  mg./day),  beginning 
iiuumciency 

149.0 

151.8 

9.25 

8.30 

9.72 

38.5 

43-0 

43-0 

11 

12 

14 

IM 

M 

g 

Normal 

156.1 

8.18 

38.0 

aj 

Desozycorticoaterone  acetate 

158.0 

7-78 

40.0 

17 

(1.25  mg./day) 

Desoxycorticosterone  acetate 

154-8 

9.68 

38.0 

30 

(0.  \  me./day).  beeinnine 

■I 

insufficiency 

IP 

M 

3-8 

Normal 

152.0 

7.52 

38.0 

U 

Insufficiency  (following  whole 

134-8 

8.44 

44-0 

51 

adrenal  extract) 

JE 

M 

3-3? 

Normal 

149.8 

7.67 

42.0 

15 

Insufficiency  (no  treatment) 

116.5 

9-99 

62.0 

113 

HT 

F 

mm 

Normal 

147- ? 

10.45 

39-0 

22 

HI 

Whole  adrenal  extract 

148.2 

10.42 

36.0 

21 

The  great  range  in  plasma  protein  in  normal  cats  may  have  been  due  in  part  to 
the  difficulty  in  maintaining  complete  relaxation  during  bleeding.  Rowe  (14)  found 
that  slight  muscular  activity  appreciably  increased  plama  protein  concentration. 

The  possibility  of  a  variation  in  the  composition  of  the  protein  after  adrenalec' 
tomy  made  it  desirable  to  carry  out  determinations  by  the  carbon  method  as  well  as 
by  the  nitrogen  method  (5).  The  results  obtained  by  both  methods  checked  very 
closely  as  the  protein  values  changed.  This  would  indicate  a  quantitative  change  in 
proteins  as  such  rather  than  a  change  in  constituent  amino  acids, 

The  additional  food  required  by  dog  iM  is  explained  in  part  at  least  by  the  un¬ 
usual  loss  of  blood  at  the  second  adrenalectomy.  The  higher  food  intake  was  con¬ 
tinued  throughout  the  remainder  of  the  experiment.  The  sustained  increase  in  plasma 
protein  after  adrenalectcxny  can  hardly  be  explained  by  the  increased  ration  because 
the  former  ration  appeared  to  be  adequate. 

The  great  increase  in  plasma  protein  during  adrenal  insufficiency  could  be  ac¬ 
counted  for  by  a  loss  of  water.  The  high  percentage  of  erythrocytes  in  dogs  iM  and  28 
indicates,a  loss  of  plasma.  In  the  other  three  dogs  this  was  not  evident.  The  plasma 
volume  cannot  be  determined  satisfactorily  during  adrenal  insufficiency  because  of 
the  areas  of  circulatory  stasis. 
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It  is  noteworthy  that  the  plasma  protein  concentration  was  reduced  in  two  in' 
stances  only,  that  is  with  desoxycorticosterone  in  dogs  6M  and  7M.  The  increased 
plasma  volume  (as  indicated  by  the  cell  volume  per  cent)  without  proportionate  prO' 
tein  increase  would  explain  in  part  the  change.  At  all  other  times  despite  increased 
plasma  volume  the  plasma  protein  concentration  did  not  fall  below  normal. 

The  increased  plasma  fibrinogen  which  was  present  in  all  types  of  treatment  re' 
mained  within  the  normal  range.  No  treatment  prevented  the  rise  in  globulin  which 
was  usually  large.  Whole  extract  prevented  a  significant  change  in  the  albumin. 
Sodium  salts  resulted  in  the  greatest  reduction  in  albumin  and  the  greatest  increase 
in  globulin  although  cortin  effects  were  nearly  as  great. 

It  would  appear  unwise  to  attempt  to  draw  conclusions  regarding  modification 
of  blood  volume  from  changes  in  plasma  protein  concentration  as  is  sometimes  done. 
From  the  results  presented  here  the  two  apparently  vary  independently  when  the 
animal  is  under  different  treatments. 

Fibrinogen  and  globulin  rise  in  the  course  of  immunization  (15).  Repeated  intra' 
venous  injection  of  whole  adrenal  extract  gives  rise  to  an  immune  reaction.  This, 
however,  is  difficult  or  impossible  to  elicit  by  subcutaneous  injection  (16).  Moreover 
the  rise  in  globuHn  occurred  as  well  with  desoxycorticosterone  and  with  sodium 
salts.  Therefore  some  other  cause  for  the  globuUn  increase  must  be  found. 

It  has  been  suggested  that  the  adrenal  cortex  maintains  plasma  albumin  while  the 
thyroid  maintains  globulin.  Levin  and  Leathern  (a)  observed  a  small  decrease  (3%) 
in  the  total  plasma  protein  after  adrenalectomy  in  rats.  The  albumin'globulin  ratio 
was  reduced  by  31  per  cent,  albumin  being  decreased  16  per  cent  and  globulin  in' 
creased  18  per  cent.  They  attributed  these  changes  to  inanition  as  well  as  to  mild 
cortical  insufficiency. 

Our  data  indicate  that  the  adrenal  is  a  factor  in  the  maintenance  of  a  normal 
albumin  level  since  without  the  adrenal  the  plasma  albumin  falls,  and  may  be  re' 
stored  by  the  use  of  unfiractionated  extract.  The  adrenal  also  appears  to  be  a  factor  in 
the  globulin  level  since  after  adrenalectomy  plasma  globulin  rises.  This  could  be  due 
to  a  direct  effect  of  an  adrenal  factor  or  to  an  increase  of  some  inhibitory  factor  nor' 
mally  held  in  check  by  the  adrenal.  Evidently  none  of  our  adrenal  preparations  con' 
tained  this  adrenal  factor. 

SUMMARY 

The  plasma  protein  was  determined  in  9  normal  dogs  maintained  on  a  constant 
diet.  It  ranged  from  5.26  to  6.53  gm.  per  cent  with  an  average  of  5.88  gm.  per  cent. 

Five  of  these  dogs  were  studied  after  adrenalectomy  while  being  treated  with 
different  adrenal  preparations.  Protein  determinations  by  the  carbon  and  nitrogen 
methods  indicated  a  quantitative  change  in  the  proteins  as  such  rather  than  a  change 
in  constituent  amino  acids. 

There  was  a  great  increase  in  plasma  protein  during  adrenal  insufficiency  which 
could  be  accounted  for  by  loss  of  water.  The  plasma  protein  fell  below  normal  only 
during  treatment  with  desoxycorticosterone  and  then  only  in  two  animals. 

The  plasma  albumin  was  decreased  after  adrenalectomy  except  during  treatment 
with  whole  adrenal  extract.  The  plasma  globuhn  was  increased  after  adrenalectomy. 
These  changes  produced  considerable  reduction  in  the  albumin'globulin  ratio.  The 
reduction  was  least  with  whole  adrenal  extract.  There  was  no  loss  of  albumin 
through  the  kidney. 

The  plasma  protein  was  also  determined  in  25  normal  cats.  It  ranged  from  7.5  to 
1 1.5  gm.  per  cent  with  an  average  of  8.8  gm.  per  cent. 

In  adrenalectomized  cats  treated  with  enough  desoxycorticosterone  to  maintain 
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good  condition,  the  plasma  protein  fell  while  the  erythrocyte  volume  per  cent  in' 
creased.  During  insufficiency  the  plasma  protein  rose  above  normal. 

The  data  indicate  that  the  adrenal  is  a  factor  in  the  maintenance  of  normal  levels 
of  albumin  and  globuUn  in  the  plasma.  Without  it  the  albumin  falls  and  the  globuUn 
rises.  Whole  adrenal  extract  maintained  the  albumin  level  but  did  not  prevent  the 
rise  in  globulin.  Therefore  it  seems  that  the  adrenal  extract  used  did  not  contain  the 
substance  which  prevents  the  rise  of  globulin. 
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REDISTRIBUTION  OF  BODY  FLUIDS  AFTER 
GLUCOSE  INJECTIONS  IN  RATS  WITH 
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The  transplantation  method  for  obtaining  relative  degrees  of  adrenocortical 
efficiency  uncomplicated  by  attendant  medullary  functioning  rests  upon  the 
question  of  the  functional  capacity  of  grafted  tissue.  We  have  previously  re^ 
ported  that  the  tacit  assumption  that  single  or  multiple  adrenocortical  transplants 
are  functionally  equivalent  to  the  intact  cortex  is  not  true  with  respect  to  histamine 
poisoning  and  anaphylaxis^  (i,  2).  Eversole,  Edelmann  and  Gaunt  (3)  have  recently 
confirmed  this  with  respect  to  water  intoxication.  Since  one  group  of  the  major 
theories  of  adrenocortical  function  is  concerned  with  its  role  in  the  mobilization  of 
water  and  electrolytes  for  maintaining  a  normal  blood  volume  and  redistributing 
tissue  fluids  in  emergencies,  e.g.  hemorrhage,  shock,  and  the  like  (cf.  4),  we  decided  to 
investigate  the  efficiency  of  transplants  in  such  fluid  shifts. 

Massive  intraperitoneal  injections  of  isotonic  glucose  solution  have  been  shown 
to  cause  a  shift  of  sodium  and  water  into  the  peritoneal  cavity  and  of  water  into  cells 
to  maintain  osmotic  equilibrium,  with  a  consequent  hemoconcentration  (5,  6,  7). 
Subsequently  there  is  recovery  with  hemodilution.  This  glucose  injection  method 
has  been  applied  to  various  adrenal  problems  (8,  9,  10),  and  Gaunt,  Remington  and 
Schweizer  (ii)  have  demonstrated  that  adrenalectomized  rats  respond  to  such  injec' 
tions  by  greater  and  more  prolonged  hemoconcentration  than  do  normal  rats.  Water 
is  shifted  from  the  blood  into  the  tissues  and  immobilized,  presumably  because  of  the 
lack  of  cortical  hormone  to  release  the  osmotically  bound  intracellular  fluids.  We  em' 
ployed  this  method,  therefore,  to  investigate  the  efficiency  of  autoplastic  transplants 
in  the  redistribution  of  tissue  fluids  following  glucose  injections. 

METHODS 

Normal  rats  of  an  inbred  albino  strain,  adrenalectomized  rats  with  autoplastic 
dorsal  intramuscular  transplants  of  adrenal  cortex  3  to  4  months  after  operation,  and 
adrenalectomized  rats  one  week  after  operation,  received  10  cc.  per  100  gm.  of  body 
weight  of  a  5.4  per  cent  glucose  solution  intraperitoneally,  after  an  18'hour  fast.  For 
a  period  of  12  hours  the  total  cell  volume  and  hemoglobin  changes  were  followed  by 
photocolorimetric  determinations  (Klett'Summerson)  on  0.02  cc.  samples  of  tail  blood 

Received  for  publication  May  29,  1942. 

*  This  investigation  has  been  made  with  the  assistance  of  a  grant  from  the  Committee  on  Thera¬ 
peutic  Research,  Council  on  Pharmacy  and  Chemistry,  American  Medical  Association. 

*  Although  not  specifically  mentioned  in  the  paper,  it  merely  being  pointed  out  here  that  the  symp¬ 
toms  of  anaphylactic  shock  were  more  pronounced  in  the  animals  with  transplants  than  in  the  normal, 
reconsideration  of  the  records  shows  that  the  rat  with  adrenocortical  transplant  occupies  a  mid-position 
between  the  normal  and  the  adrenalectomized  rat  with  respect  to  fall  in  blood  pressure  following  the 
shocking  dose  of  antigen  and  the  length  and  completeness  of  recovery. 
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taken  at  .5,  i  and  later  at  1.5  hourly  intervals.  The  cell  opacity  method  of  Shohl, 
Blackfan  and  Diamond  (12)  was  employed  for  cell  volume  determinations,  because 
the  usual  difficulties  in  obtaining  repeated  and  adequate  blood  samples  without 
anesthesia  were  eliminated  since  both  hemoglobin  and  cell  volume  determinations 
could  be  made  on  the  same  small  sample  of  blood.  Comparison  of  the  results  with  cell 
volume  determinations  by  the  capillary  hematocrit  method  showed  that  the  cell 
opacity  method,  in  spite  of  its  inherent  difficulties,  is  more  reliable  for  following 
changes  in  hemoconcentration.  Urine  output  was  measured  and  ascitic  fluid  volume 
was  determined  by  paracentesis  at  the  end  of  the  experimental  period. 

RESULTS 

The  results  are  summarized  in  table  i  and  figure  i.  In  the  normal  rats  there  was 
a  rise  in  total  blood  cell  volume  averaging  7.2  per  cent  (range  2.0-16.2)  of  the  initial 

Table  1.  Increase  in  hemcxslobin  and  total  cell  volume  in  the  rat  after  intraperitoneal  injections 

OF  O.I  CC.  PER  CM.  BODY  WEIGHT  OF  5.4  PER  CENT  GLUCOSE 


Normal 

Transplant 

Adrenalectomized 

Number  of  rats 

16  (8,  M;  8,  F) 

23  (12,  M;  II,  F) 

15(7.  M;  8,  F) 

Average  weight, 

Initial  gm.  hemoglobin  per  100  cc. 

196  (M,  340;  F,  lya) 

319  (M,  259;  F,  177) 

304  (M,  350;  F,  164) 

I?.0 

14.9 

14-4 

Initial  total  cell  volume,  % 

48.3 

47-7 

48.6 

Maximum  per  cent  increase  in 

total  cell  volume,  average 

M-7 

13-3 

28.4 

Range,  cell  volume 

6.3-30.7 

13.7-39-0 

23-3-39-2 

Maximum  per  cent  increase  in 

hemoglobin,  average 

15.8 

29.6 

43-8 

Range,  hemoglobin 

8.7-38.5 

15.2-51.0 

33.0-53.0 

Time  to  maximum  increase  after 

injection,  hr.‘ 

a.  5  (1-4) 

3. 5  (2-8. 5) 

2-  5  (1-4) 

Time  to  onset  of  dilution  after 

injection  hr. 

4  (3-5- 5) 

6(3-11-5) 

died 

(i  case,  10) 

*  Approximately. 

value  within  30  minutes,  reaching  a  peak  of  14  or  15  per  cent  in  2  or  3  hours.  In  about 
4  hours  hemodilution  began.  In  adrenalectomized  rats  the  initial  rise  averaged  9.4 
p)er  cent  (range  3.0-14.4)  but  the  maximum  hemoconcentration  obtained  (28.4  per 
cent)  was  about  twice  that  of  the  normal  group.  All  but  one  died  in  2  or  3  hours  with' 
out  hemodilution,  and  in  the  one  case  hemoconcentration  was  maintained  for  about 
9  hours.  These  findings  are  similar  to  those  of  Gaunt,  Remington  and  Schweizer  (ii). 

All  of  the  series  with  adrenal  transplants  survived  and  the  initial  increase  aver- 
aged  1 1.9  per  cent  (range  5.8-24.0)  but  the  maximum  hemoconcentration  (23.3  per 
cent)  reached  in  about  3.5  hours  was  somewhat  more  than  halfway  between  that  of 
the  normal  and  adrenalectomized  series.  Moreover,  this  hemoconcentration  was  main' 
tained  for  about  6  hours,  a  delay  of  some  2  hours  as  compared  with  normal  rats  before 
hemodilution  set  in.  Individual  variations,  however,  were  greater  than  in  the  normal 
series,  indicating  various  degrees  of  adrenocortical  efficiency  in  different  animals. 

The  changes  in  hemoglobin  concentration  were  similar,  confirming  this  course  of 
events,  but  being  increasingly  greater  than  the  changes  in  cell  volume  as  the  maximum 
was  approached.  This  could  be  explained  by  a  shrinkage  of  the  cells  as  the  blood  be- 
came  progressively  more  concentrated  with  a  concomitant  increase  in  the  tonicity  of 
the  plasma. 

Although  there  were  too  few  cases  for  statistical  confirmation,  a  consistent  differ' 
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ence  between  the  sexes  appeared  (fig.  i,  B  and  C).  The  rate  of  hemoconcentration  was 
more  rapid  in  the  female  than  in  the  male,  and  the  subsequent  hemodilution  was  ini' 
tially  more  rapid  and  possibly  earlier.  A  sex  difference  also  appeared  in  the  findings 
on  urine  output  and  ascitic  fluid  recovery;  this  will  be  discussed  later. 

Table  2  shows  the  volume  of  urine  secreted  during  the  experiment,  the  volume  of 
abdominal  fluid  recovered  at  the  end  of  the  12  hours  or  at  death  in  the  adrenalecto- 


Fig.  I.  Average  percentage  changes  in  cell  volume  and/or  hemoglobin  for  12  hours  after 
glucose  injection.  Solid  dots,  normal  rats;  circles,  adrenalectomized;  crosses,  transplants.  A.  SoUd  lines, 
cell  volume;  broken  lines,  hemoglobin.  Males-Hfemales.  B.  Cell  volume.  Solid  lines,  males;  broken  lines, 
females.  C.  Hemoglobin.  Solid  lines,  males;  broken  lines,  females. 


mized  series,  and  the  percentage  of  the  total  amount  of  injected  fluid  thus  represented. 
Since  the  figures  for  the  adrenalectomized  group  were  obtained  at  the  height  of  hemo- 
concentration,  around  3  hours  after  injection,  the  recovery  of  most  of  the  fluid  from 
the  abdomen  is  to  be  expected  according  to  the  findings  of  Gaunt,  Remington  and 
Schweizer  (ii).  In  the  transplant  series  the  recovery  of  less  fluid  as  urine  and  more  as 
ascitic  fluid,  but  yielding  a  total  representing  less  of  the  amount  injected  than  in  the 
normal  series,  again  shows  that  the  animals  with  transplants  are  between  normal  and 
adrenalectomized  rats  with  regard  to  their  ability  to  shift  water,  either  out  of  the  body 
through  the  kidneys  or  into  the  blood  from  the  abdominal  cavity.  Also  the  greater 


Table  2.  Average  urine  output  and  abdominal  fluid  recovered  after  intraperitoneal  injections 

OF  5.4  PER  CENT  GLUCOSE 


Normal 

Transplant  j 

Adrenalectomized 

Male 

Female 

Male 

Female 

Male 

Female 

Time  after  injection,  hr. 

12 

12 

m 

3* 

Volume  of  urine,  cc. 

IX 

9 

KB 

0 

Amount  of  injected  fluid  represented,  % 

45 

63 

KB 

0 

Volume  of  abdominal  fluid,  cc. 

0 

22 

16 

Amount  of  injected  fluid  represented,  % 

mm 

0 

89 

103 

Total  fluid  recovered,  % 

IS 

63 

89 

II5 

*  Approximately. 
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percentage  of  fluid  unaccounted  for  in  the  transplant  series  may  be  explained  by 
greater  retention  in  some  extra^vascular  site,  presumably  in  the  cells,  since  the  degree 
of  hemodilution  reached  by  both  normal  rats  and  those  with  transplants  was  about 
the  same. 

Since  Gaunt,  Remington  and  Schweiser  (ii)  found  that  an  initial  event  in  the 
fluid  shifts  occurring  3  hours  after  glucose  injection  is  a  transfer  into  the  peritoneal 
cavity  of  some  32.6  per  cent  more  fluid  than  had  been  injected  in  normal  rats,  whereas 
adrenalectomized  rats  had  usually  absorbed  part  of  the  injected  fluid  (3.6  per  cent)  at 
this  time,  we  did  paracentesis  at  3  hours  after  injection  in  the  three  types  of  animals 
to  determine  the  performance  of  the  transplant  in  this  respect.  The  results  are  sum- 
marixed  in  table  3.  In  7  normal  female  rats  the  transfer  of  fluid  to  the  peritoneal  cavity 
was  about  the  same  as  that  reported  by  Gaunt  et  al.,  i.e.  35.9  per  cent  more  than  had 


Table  3.  Percentage  change  in  volume  of  abdominal  fluid  three  hours  after  injection* 


Normal 

Transplant 

Adrenalectomized 

Male 

Female 

Male 

Female 

Male 

Female 

Number  of  rats 

9 

7 

7 

1 

6 

7 

Average  per  cent  change 

+  IJ-7 

+35-9 

+  i6-3 

+29.6 

—  10.8 

+  14-8 

Range 

/  +4-3 

/+3*-3 

/  -3.6 

/+I3-6 

1-28.3 

/  +5-6 

1+30.8 

\+41.2  ' 

1  1+29-2 

1+38.5 

\  +8.6 

1+26.7 

*  No  urine  output  during  this  period. 


been  injected.  Two  other  females,  however,  had  absorbed  some  fluid  (data  on  these 
are  not  included  in  the  table).  In  9  normal  males  the  average  increase  was  13.7  per 
cent  and  their  variabiUty  as  compared  with  females  was  shown  by  a  uniform  scatter 
over  a  wider  range. 

In  the  adrenalectomized  series  in  which  paracentesis  was  done  at  death,  but 
around  3  hours  in  the  majority  of  cases,  all  females  had  transferred  some  fluid  to  the 
abdomen  (average  14.8  per  cent),  whereas  all  the  males  but  one  (which  had  trans' 
ferred  8.6  per  cent)  had  absorbed  some  fluid  (average  14. i  per  cent). 

Of  the  series  with  transplants  5  females  had  an  average  of  29.6  per  cent  more  fluid 
in  the  abdomen.  Comparison  of  the  range  of  values  with  that  of  normal  females 
showed  that  the  rats  with  transplants  fall  between  normal  and  adrenalectomized  rats 
in  their  abiUty  to  shift  water,  in  this  instance  from  the  blood  into  the  peritoneal 
cavity.  Seven  males,  however,  varied  as  did  the  normal  males  over  a  wide  range, 
from  one  which  had  absorbed  3.6  per  cent  of  the  injected  fluid  to  one  which  had  29.2 
per  cent  more  in  the  abdomen.  Although  the  average  of  16.3  per  cent  is  above  that 
for  the  normal  group,  comparison  of  all  the  figures  shows  that  the  v?irability  of  the 
male  coupled  with  presumably  different  degrees  of  eflSciency  of  transplants  in  different 
animals  does  not  allow  definite  conclusions  from  single  determinations  made  at  this 
point  during  readjustment  of  fluid  balance  in  this  sex. 

DISCUSSION 

We  may  conclude  that,  in  the  rat,  intramuscularly  transplanted  adrenocortical 
tissue,  although  able  to  maintain  life  and  general  health,  is  less  efficient  than  the  nor- 
mal  cortex  in  acute  emergencies,  especially  those  which  demand  the  aid  of  additional 
cortical  liormone  in  producing  prompt  redistribution  of  body  fluids.  The  efficiency 
of  transplanted  tissue  also  varies  among  different  individuals. 
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In  both  normal  rats  and  those  with  transplants  the  females  had  put  out  more  urine 
and  absorbed  more  fluid  from  the  abdominal  cavity  than  had  the  males  at  the  end  of 
12  hours  (see  table  2).  Likewise  the  amount  of  fluid  unaccounted  for  was  less  in  the 
females.  In  3  hours  the  normal  females  had  transferred  more  fluid  to  the  peritoneal 
cavity  than  had  the  males  and  the  adrenalectomized  females  had  transferred  some  fluid 
while  the  males  had  absorbed  some  (see  table  3).  At  this  point,  too,  both  normal 
males  and  those  with  transplants  were  less  uniform  than  the  females  with  respect  to 
transfer  of  fluid  to  the  abdomen.  These  findings  and  the  more  rapid  hemoconcentra' 
tion  and  hemodilution  exhibited  by  the  females  (fig.  i,  B  and  C)  indicate  a  capacity  of 
the  female  rat  to  make  more  rapid  adjustments  of  electrolyte  and  water  balance  than 
can  the  male.  This  might  depend  upon  a  greater  adrenocortical  efficiency  in  the  normal 
females  and  those  with  transplants,  but  since  the  adrenalectomized  rats  also  showed  a 
sex  difference  upon  paracentesis  at  3  hours,  a  strong  suspicion  arises  that  fluid  shifts 
may  be  facilitated  by  female  sex  hormones  with  adrenocortical-like  actions. 

SUMMARY 

After  intraperitoneal  injections  of  isotonic  glucose  solution  (10  cc.  per  100  gm.  of 
body  weight),  adrenalectomized  rats  with  autoplastic,  intramuscular  transplants  of 
adrenal  cortex  survive  as  do  normal  rats,  but  exhibit  a  hemoconcentration  which  is 
somewhat  more  than  halfway  between  that  found  in  normal  and  adrenalectomized 
rats,  and  is  maintained  for  some  2  hours  longer  than  in  normal  rats  before  hemodilution 
sets  in.  In  animals  with  transplants  less  of  the  injected  fluid  is  recovered  as  urine  dur¬ 
ing  12  hours  and  more  as  ascitic  fluid  at  the  end  of  that  period  than  is  recovered  from 
normal  rats  but  still  it  is  a  total  representing  less  than  the  amount  injected.  It  is  con¬ 
cluded  that  transplanted  adrenocortical  tissue,  although  able  to  maintain  life  and  gen¬ 
eral  health,  is  less  efficient  than  the  normal  cortex  in  acute  emergencies  which  demand 
rapid  redistribution  of  body  fluids. 

The  findings  also  indicated  that  the  female  rat  can  make  more  rapid  adjustments  of 
electrolyte  and  water  balance  than  can  the  male.  It  is  suggested  that  this  may  depend 
upon  assistance  from  female  sex  hormones  with  adrenocortical-like  actions. 
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ACTION  OF  TESTOSTERONE  ON  THE  FEMALE 
RAT  HYPOPHYSIS' 

G.  L.  LAQUEUR  and  C.  F.  FLUHMANN 
From  the  Department  of  Obstetrics  and  Gynecology, 

Stanford  University  School  of  Medicine 

8AN  FRANCISCO,  CALIFORNIA 

SOME  EFFECTS  of  androgcnic  substances  on  the  hypophysis  of  the  rat  may  be 
studied  by  the  implantation  of  pituitary  gland  tissue  from  treated  animals  into 
immature  mice  or  rats.  Moore  and  Price  (i)  in  this  way  were  able  to  demon' 
strate  a  diminution  of  the  gonadotropic  activity  of  immature,  but  not  adult,  rats 
previously  injected  with  androsterone.  Wolfe  and  Hamilton  (2,  3)  found  that  testos' 
terone  decreased  the  gonadotropic  potency  of  the  hypophyses  of  both  male  and 
female  adult  rats  and  suggested  that  there  occurred  either  a  suppression  of  the  prO' 
duction  of  gonadotropins  or  that  these  hormones,  and  especially  the  luteinizing 
factor,  were  rapidly  released  from  the  gland. 

The  present  communication  deals  with  our  attempts  to  study  the  problem  from 
this  method  of  approach.  In  previous  publications  (4, 5)  we  piostulated  that  testos' 
terone  in  the  female  rat  maintains  normal  follicle-stimulating  hormone  production 
from  the  anterior  lobe,  .but  inhibits  the  formation  of  the  luteinizing  factor.  This  was 
based  on  the  observation  that  after  testosterone  treatment  the  ovaries  of  immature 
rats  or  adults  receiving  an  initial  injection  during  diestrus  contained  graafian  folh'cles 
of  various  sizes  with  or  without  signs  of  atresia,  lack  of  luteinization,  and  atrophy  of 
the  interstitial  tissue.  It  was  also  important  to  note  that  the  administration  of  chori' 
onic  hormone  to  immature  rats  injected  for  long  periods  of  time  with  testosterone 
resulted  in  a  rapid  repair  of  the  defects  due  to  absence  of  luteinization,  as  evidenced 
by  the  production  of  large  corpora  lutea  and  a  hypertrophy  of  the  stromal  cells  (5). 

When  the  initial  injection  of  testosterone  was  given  to  adult  rats  during  late 
estrus,  the  lack  of  the  luteinizing  hormone  was  less  evident  because  a  young  set  of 
corpora  lutea  was  already  being  formed  before  luteinization  could  be  inhibited.  In 
fact,  there  was  a  marked  hypertrophy  of  these  corpora  lutea  and  it  was  attributed  to 
a  stimulation  of  the  hypophysial  lactogenic  hormone  which  in  turn  enhanced  the 
lutein  tissue  reaction.  This  action  of  the  male  hormone  on  the  hypophysis  has  been 
demonstrated  by  Reece  and  Mixner  (6),  and  Evans  et  al.  (7)  have  shown  that  pro' 
lactin  is  the  only  pituitary  hormone  capable  of  maintaining  luteal  function. 

METHODS 

A  total  of  40  adult  female  albino  rats  of  the  Stanford  strain  were  used  as  donors. 
They  were  kept  under  standard  conditions  and  the  estrous  cycle  was  followed  by 
vaginal  smears  for  28  days  before  the  experiment  was  begun.  They  were  then  divided 
into  4  groups: 

■  ■  0 
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d).  Fourteen  rats  were  given  a  total  of  40  mg.  of  testosterone  propionate*  over 
periods  varying  from  16  to  2i  days.  The  initial  injection  was  given  during  late 
estrus. 

b) .  Twelve  rats  were  treated  in  the  same  manner  but  the  first  injection  of 
testosterone  was  given  during  late  diestrus. 

c) .  Eight  rats  served  as  controls  and  received  a  total  of  4.0  cc.  of  plain  sesame 
oil  subcutaneously.  They  were  in  estrus  at  the  time  of  autopsy. 

d) .  Six  rats  also  were  used  as  controls  but  were  in  diestrus  at  the  time  they 
were  killed. 

As  recipients,  normal  iS-dayold  immature  mice  were  employed.  The  hypophyses 
were  obtained  from  the  freshly-killed  rats,  minced,  and  inoculated  subcutaneously. 
Each  mouse  received  one  hypophysis  on  each  of  two  consecutive  days,  and  was 
killed  120  hours  after  the  first  implant.  The  controls  were  13  untreated  immature 
23'day'old  mice. 

RESULTS 

The  results  are  summarized  in  table  i.  It  is  seen  that  after  testosterone  treatment 
the  hypophyses  still  retained  gonadotropic  activity,  but  it  was  diminished  when 


Table  1.  Organ  weights  of  immature  mice  following  implantation  of  hypophyses  from  rats 

TREATED  WITH  TESTOSTERONE 


Groups 

No.  of 
Tests 

Average  Weight,  mg.  j 

Per  cent  Increase 

Ovaries 

Uterus 

Ovaries 

Uterus 

Control,  normal  mice 

13 

i.yo 

5.00 

Experimental  I‘ 

3.00 

14.29 

000.0 

285.8 

Control  donors  at  estrus 

4-75 

31-5 

316.6 

630.0 

Experimental  11* 

3-75 

14.83 

ayo.o 

296.6 

Qmtrol  donors  at  diestrus 

5-33 

30.33 

355.3 

606.6 

*  Donors  injected  first  at  late  estrus. 

*  Donors  injected  first  at  late  diestrus. 


compared  to  the  controls,  as  previously  shown  by  Wolfe  and  Hamilton  (2).  The 
ovaries  of  the  normal  mice  weighed  an  average  of  i.5;o  mg.,  those  of  mice  receiving 
inoculations  from  control  rats  were  4.75  and  5.33  mg.,  while  the  hypophyses  of  the 
testosterone-treated  rats  induced  ovaries  of  3.00  and  3.75  mg.  The  resulting  uterine 
weights  corresponded  to  those  of  the  accompanying  ovaries. 

The  histologic  examination  of  the  ovaries  of  the  implanted  mice  was  even  more 
impressive  as  demonstrating  the  decrease  in  gonadotropic  activity  and  also  showed 
an  absence  of  the  luteinizing  effect.  The  ovaries  from  the  mice  inoculated  with  hypO' 
physial  tissue  from  the  control  rats  contained  large  mature  graafian  follicles  and 
corpora  lutea  also  were  present  in  4  of  7  instances.  On  the  other  hand,  the  ovaries 
from  the  mice  given  implants  from  testosterone^treated  rats  showed  only  the  presence 
of  small  and  medium'sized  folh'cles,  most  of  which  were  in  various  stages  of  atresia, 
and  there  were  no  corpora  lutea. 

It  is  of  interest  that  there  were  no  significant  differences  in  ovarian  or  uterine 
weights  or  the  histologic  appearance  of  the  ovaries  of  the  mice  implanted  with  hy- 
pophyses  from  the  rats  which  received  the  initial  injection  at  estrus  and  those  which 
were  given  the  first  injection  during  diestrus. 

*  The  preparation  used  contained  10.0  mg.  of  testosterone  propionate  per  cubic  centimeter  of  sesame 
oil.  All  injections  were  given  subcutaneously,  and  usually  were  of  0.4  cc. 
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DISCUSSION 


On  the  basis  of  our  results  it  may  be  stated  that  the  injection  of  testosterone  into 
female  rats  leads  to  a  diminution  of  its  gonadotropic  potency,  and  that  this  is  due  to 
an  inhibition  of  the  production  of  the  luteinizing  hormone.  This  concept  is  in  keeping 
with  ‘augmentation’  experiments  such  as  originally  reported  by  Fevold  et  al.  (8,  9) 
and  corroborated  by  several  investigators.  These  authors  found  that  the  action  of  a 
purified  follicle'Stimulating  hormone  (FSH)  in  5'day  experiments  with  immature 
rodents  is  limited,  because  there  results  no  ovulation  and  no  luteinization.  However, 
if  a  small  amount  of  a  luteinizing  preparation  is  added  to  the  same  dosage  of  FSH 
there  is  a  tremendous  increase  in  its  effects  on  the  gonads  of  immature  animals. 

Some  objection  to  this  view  may  be  found  in  certain  cUnical  observations.  It  is 
known  that  after  castration  or  the  menopause  in  women  there  is  a  marked  increase 
in  the  amount  of  gonadotropic  substances  in  the  blood  and  urine.  More  recently  it 
has  been  shown  that  the  administration  of  testosterone  in  suitable  doses  to  castrates 
and  postmenopausal  women  results  in  a  decrease  of  these  gonadotropic  hormones. 
For  this  reason,  it  has  been  advanced  that  androgens  depress  all  anterior  lobe  gonado¬ 
tropic  activity.  However,  the  explanation  given  in  this  study  may  also  apply  to  the 
human  being.  The  gonadotropic  effect  demonstrable  in  immature  mice  or  hypo- 
physectomized  rats  (10,  ii)  injected  with  blood  or  urine  from  women  is  chiefly 
follicle-stimulating,  but  there  is  also  evidence  of  luteinizing  activity.  For  example, 
in  350  positive  tests  performed  with  blood  from  women  by  the  method  originally 
described  from  this  laboratory  (12)  the  ovaries  of  the  immature  test  mice  contained 
corpora  lutea  in  16  instances.  In  a  previous  study  the  same  finding  was  noted  in  15 
of  71  positive  tests  (ii).  If  one  regards  the  luteinizing  hormone  as  an  ‘augmentative 
factor’  it  is  conceivable  that  its  inhibition  by  testosterone  may  lead  to  negative  tests 
in  such  patients. 


SUMMARY 

The  pituitary  glands  of  adult  female  rats  treated  with  testosterone  propionate 
exhibit  a  decrease  in  gonad-stimulating  potency  when  implanted  into  immature  mice. 
There  is  no  difference  in  this  effect  whether  the  donor  receives  the  first  injection  of 
the  male  hormone  at  estrus  or  at  diestrus.  This  lessened  gonadotropic  activity  is  con¬ 
sidered  the  result  of  an  inhibition  of  the  luteinizing  hormone  while  follicle-stimulating 
hormone  production  is  maintained. 
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EFFECT  OF  TESTOSTERONE  PROPIONATE 
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ADULT  MALE  RAT 
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There  is  evidence  in  the  literature  that  the  changes  in  the  testes  of  the  normal 
rat  following  injections  of  androgens  differ  at  high  and  low  dosage  levels. 
Moore  and  Price  (i)  found  that  high  daily  dosages  of  testosterone  propionate 
(i  mg.)  were  less  injurious  to  the  testes  than  lower  dosages.  The  work  of  Korenchev' 
sky  and  Hall  (2),  Selye  and  Friedman  (3),  Rubinstein  and  Kurland  (4)  and  others  also 
indicates  that  higher  doses  of  the  hormone  are  less  deleterious.  It  has  been  suggested 
that  the  changes  are  due  to  modified  hypophyseal  output  of  gonadotropic  hormone. 
There  is,  however,  no  agreement  as  to  the  cause  of  the  less  injurious  effects  at  higher 
dosage  levels.  Some  efforts  have  been  made  to  examine  the  effect  of  androgens  on  the 
anterior  pituitary.  This  was  done  in  order  to  determine  whether  or  not  morphological 
changes  in  that  gland  might  explain  the  above  mentioned  findings.  Wolfe  and  Hamih 
ton  (5)  described,  as  the  result  of  injection  of  immature  rats  with  500  micrograms  of 
testosterone  propionate  for  10  days,  the  degranulation  of  the  majority  of  the  baso' 
phils  of  the  anterior  lobe,  but  reported  no  constant  or  pronounced  change  in  the 
acidophils.  Biddulph  (6)  briefly  mentioned  that  some  degranulation  of  the  basophils 
of  the  anterior  lobe  occurred  in  all  immature  rats  of  his  series  treated  with  10  micro- 
grams  daily  of  testosterone  propionate  from  birth  for  31  to  81  days.  Recently  Wolfe 
(7)  working  with  old  male  rats  observed  effects  on  both  types  of  chromophil  cells 
when  I  or  2  mg.  of  testosterone  propionate  were  injected  daily  for  90  days.  Acido¬ 
phils  were  increased  in  number;  some  degranulation  of  basophils  occurred. 

The  present  report  deals  with  the  effect  of  male  hormone  on  the  pituitary  of  the 
normal,  young,  mature,  male  rat  at  or  near  the  height  of  its  sexual  development. 

METHODS 

Thirty-four  normal  young  adult  rats  of  the  Long-Evans  strain  were  used.  The 
animals  in  this  series  were  60  days  old  at  the  beginning  of  the  experiment.  Twenty- 
one  rats  received  subcutaneously  0.2  mg.  of  the  testosterone  propionate,^  dissolved 
in  sesame  oil,  daily  for  25  days;  12  rats  were  similarly  treated  with  0.5  mg.  of  the 
hormone,  and  10  were  retained  as  controls.  The  animals  were  killed  by  bleeding  from 
the  heart  while  under  chloroform  anaesthesia.  The  pituitaries  of  one-half  of  the  ani¬ 
mals  in  each  group  were  fixed  in  Zenker-formol  and  after  celloidin  embedding  were 
cut  at  4  micra  and  stained  by  the  Mallory- Axan  method.  The  pituitaries  of  the  re¬ 
maining  animals  were  prepared  for  the  study  of  the  Giolgi  apparatus  and  mitochondria 
by  methods  essentially  the  same  as  the  Nassonov-Kolatchev  and  the  Altmann-Masson 
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technique  as  used  by  Severinghaus.  Measurements  of  cell  size  were  made  on  the 
Mallory' Azan  stained  material  (8).  The  testes  of  all  rats  were  fixed  in  Bouin’s  fluid 
and  celloidin  sections  were  stained  with  hematoxylin  and  eosin. 


Weights  taken  at  autopsy  of  testes  and  pituitaries  of  animals  in  difl^erent  groups 
are  shown  in  the  accompanying  table. 

Analysis  of  table  i  indicates  that  whereas  the  weight  of  the  testes  was  markedly 
reduced  in  the  group  of  experimental  animals  receiving  the  smaller  dose  of  testoste' 
rone  propionate  (0.2  mg.)  there  was,  although  significant,  a  much  smaller  weight  re' 
duction  of  the  testes  after  treatment  with  the  larger  (0.5  mg.)  dose. 

Furthermore,  as  can  be  seen  in  the  table,  there  is  a  statistically  significant  differ' 
ence  when  the  weights  of  the  testes  in  the  two  experimental  groups  are  contrasted. 


Table  1.  Weights  of  testes  and  pituitaries 


No.  of 
Animals* 


I.  None  (control  animals) 


•X.  o.  1  mg.  dose  of  testos' 
terone  propionate 


j.  o.  y  mg.  dose  of  testos' 
terone 


*  Number  of  animals  with  weighed  testes  or  pituitaries. 
<rD 

*SE  (of  mean)=  . 


Weight  of  Testes 

Weight  of 
Pituitaries* 

Mean,  mg. 

SR* 

mg. 

29ia±  106* 

Ml  vs.  Mj=6.32 
Ml  vs.  Mi=4.53 

7-9(6) 

Ml  vs.  Mi=6.32 
Ml  vs.  Mi=3.47 

7-3  (4) 

2323  ±76 

Mivs.Mi=4.53 

MiVS.Mi=3.47 

7-3  (4) 

Meani— Mean  1 

*  SR.  Significance  ratio  was  calculated  by  the  formula:  ,, _  ~  . . : , 

*  V(SEMean,)*-(SEMean,)* 

of  the  means  was  conudered  statistically  significant  if  the  SR  was  greater  than  3.0. 


The  difference 


These  findings  are  in  agreement  with  those  previously  reported  by  different  investi' 
gators  for  immature  animals  or  those  older  than  those  used  in  the  present  series. 

Histological  examination  of  the  testes  revealed  that  the  testicular  tubules  in  the 
group  receiving  0.2  mg.  were  definitely  injured.  They  were  decreased  in  diameter  and 
often  irregular  in  contour.  In  many  tubules  the  normal  sequence  in  spermatogenesis 
was  impaired.  Only  Sertoli  cells,  spermatogonia  and  primary  spermatocytes  were 
present  in  seemingly  good  condition.  The  lumen  of  tubules  was  frequently  filled 
with  degenerating  cells.  The  injury  to  testicular  tubules  was  less  pronounced  at  the 
higher  dosage  level  (0.5  mg.).  Fewer  damaged  tubules  were  seen,  and  the  degree  of 
injury  was  not  so  great.  The  Leydig  tissue  was  subnormal,  more  so  at  the  higher  dos' 
age  level  than  at  the  lower.  The  change  involved  both  cytoplasm  and  nuclei  of  the 
cells.  The  amount  of  cytoplasm,  its  eosinophilia  and  clarity  of  cell  outline  were  de' 
creased.  Changes  in  the  nuclei  were  manifested  by  clumping  of  the  chromatin  and 
pyknosis. 

Histological  and  cytological  investigations  of  the  pituitaries  have  revealed  devia' 
tions  from  the  normal  picture  in  both  chrc«nophil  cell  groups.  Although  no  count  of 
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the  cell  types  was  made,  it  will  be  obvious  from  examination  of  figures  i  and  2  that 
there  had  been  an  increase  in  the  number  of  acidophils.  This  was  true  at  both  levels, 
although  the  increase  was  less  pronounced  at  the  higher  dosage  level. 

The  size  of  the  acidophils  was  definitely  increased  in  the  group  receiving  o.2'mg. 
dose  of  testosterone  propionate  whereas  the  o.^-mg.  dose  did  not  produce  any  appre- 
ciable  effect  on  the  size  of  acidophils,  (table  2).  The  enlargement  of  acidophils  above 
that  in  the  control  was  observed  in  all  pituitaries  of  the  group  receiving  0.2  mg.  (no 
overlapping).  Many  acidophils  possessed  comparatively  scanty  cytoplasm  and  only 
a  small  amount  of  granular  material.  Due  to  the  obvious  increase  in  the  number  of 
acidophils,  the  impression  was  gained  that  these  cells  represented  a  new  crop.  An 
increased  rate  of  mitosis  was  not  found  (8).  A  ‘tremendous  number  of  very  small 


Table  2.  Effect  of  testosterone  propionate,  two  dosage  levels,  on  acidophils  and  basophils  and  on 

THE  PROPORTION  OF  THE  DIFFERENT  TYPES  OF  BASOPHILS 


Cell  Size^ 

Basophil  types,^  percentage 

Treatment 

Acidophils 

Basophils  i 

Normal 

Castration - 
like 

Thyroidec- 

tomy-like 

1.  None  (control  animals)  j 

189 

J75 

94 

2.7 

i-i 

2.  0.2  mg.  dose  testosterone 
propionate 

2II 

j62 

85 

I  .0 

14.0 

j.  0.  5  mg.  dose  testosterone 
propionate 

192 

271 

94 

0.4 

5.6 

*  Size,  the  area  occupied  by  camera  lucida  tracings  of  100  cells,  measured  with  a  planimeter  and 
expressed  in  units. 

*  Normal,  basophils  typical  for  the  anterior  pituitary  of  a  rat;  'castration-like’  changes;  'thyroidec¬ 
tomy-like'  changes.  Figures  represent  averages  of  all  animals  in  each  group. 


eosinophils,’  however,  as  reported  by  Wolfe  (7)  was  not  observed.  This  discrepancy 
in  the  findings  might  be  explained  by  the  greater  age  of  the  animals  used  by  Wolfe. 
The  action  of  testosterone  propionate  on  resting  chromophobes  might  not  be  so  effeC' 
tive  in  older  animals.  In  the  young  adult  rat,  used  in  our  present  studies,  in  which 
physiological  processes  are  at  a  maximum,  the  acidophil-chromophobe-acidophil 
changes  presumably  occur  at  a  faster  rate,  so  that  the  larger,  mature  forms  appear 
more  quickly. 

Increased  acidophilia  of  the  pituitaries  in  the  experimental  animals,  due  to  the 
aforementioned  development  of  a  new  crop  of  acidophils  from  the  chromophobe  re¬ 
serves,  together  with  the  increase  in  the  size  of  those  cells  seems  to  indicate  the 
stimulating  effect  of  testosterone  propionate  on  the  pituitary  acidophils.  Such  a  state¬ 
ment  is  in  a  complete  agreement  with  the  findings  of  Wolfe  (7)  who,  working  with 
old  male  rats  came  to  the  conclusion  that  the  ‘administration  of  male  sex  hormone 
actually  induced  an  increase  in  the  levels  of  eosinophiles  in  the  experimental  animals.’ 
This  influence  of  testosterone  propionate,  is  definitely  more  pronounced  with  the 
lower  dose,  0.2  mg.  It  will  be  remembered  that  the  injurious  effects  on  the  testis  were 
also  more  pronounced  at  the  lower  dosage  level.  At  the  present  time  it  is  difficult  to 
say  which  of  these  effects  (that  on  testis  or  that  on  pituitary)  is  the  direct  and  which 
is  the  indirect  effect. 

Investigation  of  cell  organelles  did  not  give  any  conclusive  data.  The  Golgi 
apparatus  in  the  acidophils  of  both  series  of  experimental  animals  was  no  larger  or 
more  elaborate  than  in  the  acidophils  of  the  control  glands.  As  a  matter  of  fact,  in 
the  group  receiving  0.5  mg.  the  Golgi  apparatus  was  somewhat  smaller  than  that 
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Fig.  I.  Anterior  pituitary  of  a  normal  rat  selected  to  demonstrate  a  general  appearance  and 
distribution  of  acidophils. 

Fig.  a.  Anterior  pituitary  of  an  animal  receiving  0.2  mg  of  testosterone  propionate  for  a  period 
of  35  days.  Note  the  increased  number,  enlarged  size  of  acidophils  and  increase  in  their  granulation. 
Figs.  3  and  4.  Two  basophils  from  the  pituitary  of  a  thyroidectomized  rat.  Note  the  characteristic 
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seen  in  normal  acidophils.  There  were  no  marked  changes  in  the  mitochondria,  either 
in  size  and  distribution  or  in  shape. 

The  administration  of  testosterone  propionate  also  caused  changes  in  the  basophil 
picture  (table  i).  It  is  true  that  the  total  number  of  basophils  was  not  significantly 
increased  (sUghtly  perhaps  in  the  group  receiving  o.a  mg.).  The  average  size  of  the 
basophils  was,  however,  somewhat  diminished  in  the  o.a-mg.  group  and  markedly 
decreased  in  the  0.5'mg.  series.  This  reduction  in  size  was  definite,  as  there  was  no 
overlap  in  figures  between  basophils  of  normal  control,  and  the  injected  group  receiv' 
ing  0.5  mg.  and  only  one  case  of  overlap  in  the  o.i-mg.  group.  The  difference  is  really 
more  significant  than  this  comparison  of  figures  would  indicate,  because  it  also  should 
be  taken  into  consideration  that  some  basophils  in  the  experimental  glands  have  been 
found  to  be  abnormally  large,  consequently  raising  the  average. 

Basophils  depleted  of  granular  material  were  more  numerous  than  in  the  control 
pituitaries.  The  darkly  stained,  heavily  granulated  cells  were  correspondingly  dimin^ 
ished  in  number,  especially  in  the  o.a-mg.  group.  A  considerable  number  of  basophils, 
especially  at  the  higher  level  of  hormone,  possessed  nuclei  which  were  compact, 
polychromatic  and  often  elongated  or  oval  in  shape.  This  type  of  basophil  usually  had 
grayish  blue  cytoplasm  with  but  a  small  amount  of  granular  material. 

The  Golgi  apparatus  in  the  majority  of  the  basophil  cells  was  smaller  than  normal 
in  both  groups.  No  enlarged  forms  of  this  organelle  were  observed.  The  Golgi  ap' 
paratus  was  also  decreased  in  size  as  judged  from  examination  of  its  negative  image  as 
seen  in  the  Mallory- Azan  preparations.  All  of  the  previously  described  observations 
(decrease  in  the  size  of  the  cell  and  Golgi  apparatus,  changes  in  the  nucleus)  are  har¬ 
monious  with  the  interpretation  of  decreased  activity  of  the  basophils.  It  was  also  of 
interest  that  the  number  of  pituitary  basophils  which  were  vacuolated  was  increased 
above  normal  in  both  experimental  groups.  Careful  examination  revealed  that  two 
different  types  of  vacuolation  were  present.  Some  of  these  cells  are  designated  as 
‘castration-hke,’  while  others,  as  ‘thyroidectomy-hke’  basophils  (i).  The  former  type 
of  vacuolated  cell,  the  castration-hke  type,  is  less  often  seen,  in  fact,  occurs  less  fre¬ 
quently  than  in  the  normal  adult  rat  pituitary  of  this  colony,  where  they  constitute 
I  to  2  per  cent  of  all  basophils.  This  is  especially  true  for  animals  which  had  received 
0.5  mg.  of  testosterone  propionate.  As  can  be  seen  in  table  2,  the  percentage  was  re¬ 
duced  as  low  as  0.4.  This  observation  is  in  complete  agreement  with  the  findings  of 
Wolfe  (7)  for  old  animals.  The  second  type  of  vacuolated  basophil  is  also  normally 
found  in  the  anterior  lobe  of  an  adult  rat  of  this  colony.  The  number  of  cells  of  this 
type  may  be  as  high  as  i  to  3  per  cent  of  all  basophils.  The  percentage  of  these  cells 
found  in  the  pituitaries  of  the  testosterone  propionate-treated  rats  was  definitely 
increased.  This  increase,  as  high  as  14  per  cent,  was  especially  marked  in  the  group 
receiving  the  lower  dose  of  testosterone  propionate.  Morphologically,  the  type  of 
vacuolation  observed  in  the  latter  type  of  basophils  closely  approximated  that  seen 
in  basophils  after  thyroidectomy.  The  vacuoles  were  multiple;. they  first  appeared  at 
the  periphery  of  the  cell,  the  cytoplasm  being  progressively  involved  from  the  cell 
membrane  to  the  nucleus.  There  was  sufficiently  convincing  evidence  that  these 


initial  (3)  and  advanced  (4)  vacuolation  of  a  cytoplasm  typical  for  the  thyroidectomy  basophils. 

Figs.  5  and  6.  Two  basophiu  from  a  pituitary  of  a  rat  treated  with  0.3  mg.  of  testosterone  propionate 
for  a  period  of  35  days.  Note  the  striking  similarity  of  the  appearance  of  the  cytoplasm  with  that  of  the 
thyroidectomy  basophils. 

Figs.  I  and  3,  Mallory -Aran  stain.  Photomicrographs  were  taken  at  X400  magnification  with  4 
mm.  objective. 

Figs.  3  to  6.  Severinghaus’  Altmann-Masson  stain.  Photomicrographs  were  taken  at  X900  magni¬ 
fication  with  3  mm.  oil  immersion  objective. 
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vacuoles  enlarged  at  first  on  the  periphery;  cytoplasmic  partitions  became  increasingly 
delicate  and  finally  ruptured,  giving  rise  to  vacuoles  of  larger  and  larger  size.  In  the 
majority  of  vacuolated  basophils  of  this  type,  the  fate  of  mitochondria  and  the  Golgi 
apparatus  was  the  same  as  that  seen  in  thyroidectomy  basophils.  The  mitochondria 
became  enlarged,  oval  or  round  in  shape.  They  were  found  scattered  along  the  inter' 
vacuolar  portions  of  the  cytoplasm  and  accumulated  near  the  nucleus.  The  Golgi 
apparatus  also,  in  most  instances  was  found  near  the  nucleus,  having  been  pushed  from 
its  typical  position.  This  apparatus  assumed  a  shape  dependent  upon  the  space  avail' 
able  near  the  nucleus.  Signs  of  fragmentation  of  the  Golgi  apparatus  were  not  infre' 
quently  observed.  As  may  be  seen  in  figures  3,  4,  5  and  6,  the  distinction  between 
vacuolated  basophils  seen  after  thyroidectomy  and  those  caused  by  the  injection  of 
testosterone  propionate  could  not  easily  be  made.  It  must  be  noted,  however,  that  the 
enlargement  of  the  nucleus  and  nucleolus,  which  is  a  characteristic  feature  of  the 
thyroidectomy  basophil  was  seldom  found  to  occur  after  testosterone  propionate 
administration. 

SUMMARY 

Two  groups  of  young  mature  male  rats  were  treated  with  daily  injections  of  0.2 
and  0.5  mg.  of  testosterone  propionate,  respectively,  for  a  period  of  35  days.  A  group 
of  untreated  males  was  used  as  a  control. 

Both  types  of  chromophil  cells  of  the  anterior  pituitaries  of  the  experimental  ani' 
mals  were  found  to  be  affected.  The  acidophils  were  increased  in  size  and  were  defi' 
nitely  more  numerous.  These  observations  were  considered  to  indicate  a  stimulating 
action  of  the  hormone  on  the  pituitary  acidophils.  This  effect  was  found  to  be  more 
marked  when  a  smaller  (0.2  mg.)  dosage  level  was  administered.  Injury  to  the  testis 
was  also  more  pronounced  at  the  lower  dosage  level.  A  greater  number  of  degranu' 
lated  forms  of  the  basophil  than  is  ordinarily  found  in  normal  glands,  was  observed 
in  the  pituitaries  of  treated  rats,  but  the  basophils  were  smaller  in  size  and  showed 
no  evidence  of  increased  activity.  A  considerable  number  of  vacuolated  basophils  (as 
high  as  14  per  cent  in  a  group  of  animals  treated  at  the  0.5'mg.  dosage  level)  was  ob' 
served.  These  basophils  morphologically  closely  approximated  the  so-called  thyroid- 
ectomy  basophils. 

Unlike  the  reaction  of  the  eosinophils,  all  changes  found  in  the  basophils  were 
more  pronounced  at  the  higher  dosage  level. 
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STUDIES  ON  THE  ASSAY  OF  PITUITARY  GONADO^ 
TROPINS  USING  THE  AUGMENTATION  REACTION 


R.  W.  BATES  AND  J.  P.  SCH(X)LEY 
From  the  Difco  Laboratories,  Incorporated 

DETROIT,  MICHIGAN 

The  synergism  between  anterior  pituitary  gonadotropin  and  chorionic  gonado'  ^ 
tropin  (APL)  was  first  described  by  Evans,  Meyer,  and  Simpson  (i,  2). 
Subsequently,  the  pituitary  component  in  this  reaction  was  identified  with  the 
follicle'Stimulating  fraction  (FSH),  first  separated  from  the  pituitary  luteinizing  fraction 
(LH),  by  Fevold,  Hisaw  and  Leonard  (3).  Evans  applied  the  name  ‘synergist’  to  the 
pituitary  fraction  (FSH)  which  augments  with  APL.  This  terminology  is  logical 
since  the  extent  of  augmentation  with  such  mixtures  is  much  greater  in  terms  of 
increased  activity  of  APL  than  of  FSH.  However,  with  constant  FSH  treatment  and 
increasing  dosage  of  APL,  it  is  equally  logical  to  consider  APL  as  the  synergist. 
Actually,  both  act  in  conjunction  upon  the  ovary  and  there  is  no  evidence  that  one  is 
more  important  than  the  other  in  production  of  the  synergized  response.  This  syner' 
gism  has  been  universally  accepted  but  it  has  been  subjected  to  Uttle  systematic 
study.  The  Evans  laboratory  has  used  the  combination  of  FSH  preparations  of  un^ 
known  potency  with  a  standard  amount  of  APL  (6.6  r.u.)  in  the  assay  of  FSH  ac' 
tivity  using  normal  immature  female  rate  (4,  5). 

Creep,  Van  Dyke  and  Chow  (6)  have  reported  recently  that  the  ovarian  weight 
of  hypophysectomized  rats  is  only  slightly  increased  by  injections  of  their  purest 
FSH  or  interstitial  celhstimulating  (ICSH)  fractions  but  that  marked  increases  in 
ovarian  weight  were  obtained  when  the  two  fractions  were  injected  simultaneously. 

Theoretically  it  should  be  possible  to  assay  FSH  preparations  quantitatively  by 
injecting  the  FSH  in  combination  with  a  constant  amount  of  a  purified  LH  prepara- 
tion.  Chorionic  gonadotropin  serves  this  purpose  well  and  fortunately  it  is  abundant 
and  uniform  in  nature.  Conversely,  it  should  be  possible  to  assay  LH  preparations 
quantitatively  by  injecting  the  LH  in  combination  with  a  constant  amount  of  a 
purified  FSH  preparation.  Unfortunately  good  FSH  preparations  are  neither  as  readily 
available  nor  as  easily  reproduced  as  are  APL  preparations.  Since  such  assays  would 
involve  the  injection  of  mixtures  of  the  two  gonadotropins,  the  participation  of  the 
small  amounts  of  endogenous  gonadotropins  in  the  test  animal  would  be  minimized, 
and  normal  animals  could  be  used. 

In  the  experiments  reported  here,  the  ratios  of  chorionic  to  pituitary  gonadotropin 
were  varied  systematically  in  an  attempt  to  determine  the  feasibility  of  such  assay 
methods  and  the  most  favorable  empirical  conditions  for  practical  use  with  normal 
immature  rate.  When  the  ovarian  weights  were  plotted  against  the  logarithm  of  the 
doses  of  either  APL,  FSH,  or  combinations  thereof,  straight  lines  of  characteristic 
slopes  could  be  passed  through  the  experimental  points.  The  slopes  of  such  lines  are 
found  to  differ  when  the  pituitaries  of  different  species  of  animals  are  used  as  sources 
of  the  gonadotropin.  These  differences  are  found  to  be  a  function  of  the  relative  pro' 
portions  of  FSH  to  LH  (or  to  APL),  in  the  injected  samples. 
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XtETHODS 

Groups  of  5  rats  were  used  throughout.  Albino  rats  of  Wistar  strain  were  oh- 
tained  ffoni  the  same  local  dealer  (F)  with  the  exception  of  one  shipment  of  rats  from 
Sprague'Dawley,  Inc.  Since  an  adequate  study  of  the  optimal  conditions  for  the  two 
important  variables,  duration  of  treatment,  and  number  of  daily  injections,  would 
be  a  difficult  and  long  task,  we  selected  those  used  in  our  laboratory  for  the  routine 
assay  of  chorionic  gonadotropin. 

All  rats  were  injected  subcutaneously  twice  daily  for  3  days  and  autopsied  ap 
proximately  48  hours  after  the  last  dosage  at  32  days  of  age.  The  average  ovarian 
weight  of  untreated  rats  was  found  to  be  12  to  15  mg. 

One  preparation  of  human  urinary  chorionic  gonadotropin  was  used  throughout 
(i  i.u.  =0.009  Only  one  FSH  preparation  G  was  used.  It  was  made  from  sheep 


Fig.  I.  Effect  of  chorionic  dosage  upon  ovarian  weieht  at  two  levels  of  FSH  dosage.  APL:FSH 
ratio  increases  to  the  right. 

pituitary  glands  by  repeated  fractionation  with  ammonium  sulphate  at  pH  5,  using 
the  fraction  which  is  soluble  in  0.5  and  insoluble  at  0.8  saturated  ammonium  sulphate. 
It  was  found  that  0.25  mg.  of  G  produced  ovaries  weighing  20  mg.,  a  50  per  cent  in- 
crease  over  the  control  weight.  We  have  chosen  arbitrarily  0.25  mg.  as  one  rat  unit 
of  G.  All  FSH'APL  combinations  were  made  in  vitro.  The  human,  horse,  pig,  and 
sheep  pituitary  powders  were  obtained  by  drying  fresh  frozen  glands  with  acetone. 

Because  of  its  simplicity  we  have  used  the  familiar  logarithm  dose-response 
method  of  treating  our  data  in  preference  to  the  more  accurate  but  complex  logistic 
method  recently  described  by  Emmens  (7).  When  response  is  plotted  against  the 
logarithm  of  the  dosage,  the  slope  of  the  regression  Une  obtained  is  a  biological  con¬ 
stant  under  a  given  set  of  conditions  (e.g.  when  the  material  being  tested,  the  test  ob¬ 
ject  and  the  method  and  duration  of  treatment  are  kept  constant).  Regression  lines 
obtained  with  preparations  of  different  purity  are  parallel  and  the  relative  potencies 
of  preparations  can  be  read  directly  from  the  horizontal  displacement  on  the  logarithm- 
dose  scale.  When  such  regression  lines  show  different  slopes,  it  naturally  follows  that 
some  factor  in  the  experimental  setup  has  been  varied.  If  the  only  factOT  varied  is  the 
preparation  injected,  then  one  knows  that  the  quality  of  the  preparations  differ.  For 
example,  the  slope  of  the  regression  line  relating  chick  thyroid  weight  to  the  logarithm 
of  pig  thyrotropin  dosage  (unpublished  results)  is  the  same  as  that  obtained  previously 
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with  beef  thyrotropin  (8).  In  the  case  of  the  rat  ovary,  however,  the  slope  of  the  re' 
gression  line  would  be  expected  to  be  different  for  FSH,  LH,  and  APL  and  still  dif- 
ferent  for  mixtures  thereof. 

The  data  were  not  treated  statistically  because  the  differences  which  will  be 
emphasized  here  are  sufficiently  large  to  be  obvious.  Graphical  presentation,  using 
the  same  scale  throughout,  was  selected  in  order  to  simplify  comparisons  and  to 
make  the  data  more  objective.  All  lines  were  drawn  on  the  basis  of  inspection. 

RESULTS 

Effect  of  dose  level  of  chorionic,  gonadotropin  upon  ovarian  weight.  Groups  of  5  rats 
each  were  injected  with  various  amounts  of  APL,  either  alone  or  combined  with  0.05 
mg.  of  FSH  (0.2  R.U.),  which  alone  has  no  effect  on  ovarian  weight,  or  with  0.25  mg. 
of  FSH  (i  R.U.),  which  alone  produces  ovaries  weighing  20  mg.  In  the  case  of  combined 


Fig.  2.  Effect  of  FSH  dosage  upon  ovarian  weight  at  two  levels  of  APL  dosage.  APL: FSH 
ratio  decreases  to  the  right. 

dosage  the  ratio  of  APL  to  FSH  increases  from  left  to  right  (fig.  i).  The  Une  drawn 
for  the  ovarian  response  with  APL  alone  (fig.  i)  is  that  obtained  in  our  own  labora' 
tories  and  fits  equally  well  the  data  obtained  by  D’ Amour  (9)  with  the  International 
Standard. 

When  FSH  was  mixed  with  the  APL  it  is  evident  that  in  the  region  between  1 
and  8  i.u.  increasing  dosage  of  APL  produced  no  corresponding  change  in  ovarian 
response  at  either  of  the  two  levels  of  FSH  used.  This  region  was  not  that  of  maxi' 
mum  ovarian  weight  as  shown  by  further  increase  of  ovarian  weight  with  higher 
dosage  of  APL.  It  seemed  that  the  combination  of  an  amount  of  chorionic  gonado' 
tropin  from  the  mid'point  of  this  region,  of  constant  response  with  variable  amounts 
of  FSH,  might  be  a  valuable  method  for  quantitative  measurement  of  FSH  activity 
because  within  this  region  slight  experimental  error  in  the  amount  of  APL  is  not  re' 
fleeted  by  change  in  ovarian  weight,  whereas  FSH  concentration  has  great  effect.  Also, 
slight  contamination  of  FSH  by  the  LH  component  should  not  modify  the  extent  of 
the  ovarian  weight  increase. 

Effect  of  dose  level  of  follicle'Stimulating  hormone  upon  ovarian  weight.  The  effect  on 
ovarian  weight  of  increasing  the  dose  of  FSH,  with  and  without  combination  with 
APL,  is  shown  in  figure  2.  In  the  case  of  combined  dosage  the  ratio  of  APL  to  FSH  de' 
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creases  from  left  to  right.  The  experimental  points  for  the  hne  indicating  the  responses 
of  ovaries  to  FSH  alone  are  given  in  figure  3,  and  omitted  in  figure  2,  in  order  to  avoid 
confusion.  Four  different  experiments  were  made  at  different  dosage  levels  of  FSH  in 
combination  with  APL.  In  two  experiments  10  i.u.  were  used  and  in  the  two  other 
experiments  3  i.u.  of  APL  were  used.  In  one  of  these  experiments  the  rats  were  oh- 
tained  from  Sprague-Dawley,  Inc.  and  the  results  were  qualitatively  and  quantita' 
tively  similar  to  those  obtained  with  our  usual  rats  (F).  In  the  region  of  ovarian 
weights  from  ao  to  60  mg.  the  results  were  very  consistent  and  reproducible  at  dif' 
ferent  times.  The  level  of  3  i.u.  of  chorionic  gonadotropin  is  preferable  to  the  10  i.u. 
because  it  is  from  the  mid'point  of  the  plateau  region  described  above,  and  because 
3  units  alone  will  produce  no  significant  increase  in  ovarian  weight.  FSH  dosages  in 
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combination  with  3  to  10  i.u.  of  APL,  which  produce  ovarian  weights  of  the  order 
of  60  mg.  or  over,  seem  to  give  very  erratic  results  which  we  interpret  as  indicating 
that  these  values  are  in  the  region  of  maximum  ovarian  response  for  such  mixtures. 
At  these  higher  levels  of  FSH  dosage  where  the  ratio  of  units  of  APL  to  FSH  has 
become  less  than  3  to  i,  increase  in  the  ratio  of  APL  to  FSH  would  produce  ovaries 
weighing  more  than  60  mg.  (fig.  3). 

The  results  between  dosage  levels  of  o.  i  and  i  r.u.  of  FSH  (fig.  2)  are  so  consistent 
and  reproducible  that  we  have  adopted  the  mixture  of  APL  with  our  pituitary  frac' 
tions  as  routine  method  of  assay  for  FSH  potency.  Our  method  is  to  inject  into  each 
rat  3  I.u.  of  APL  in  combination  with  an  amount  of  the  pituitary  fraction  which  would 
produce  ovaries  weighing  20  mg.  if  injected  alone.  With  pituitary  LH  fractions  there 
is  no  augmentation  with  APL  by  this  procedure.  With  FSH  fractions  the  augments' 
tion  is  greater  with  purer  preparations.  The  extent  of  augmentation  is  read  directly 
-  from  a  graph  such  as  figure  2.  The  FSH  preparation  G  used  here  has  its  ability  for 
producing  an  increase  in  ovarian  weight  augmented  10  times  as  shown  in  figure  2. 
Combination  of  3  i.u.  of  APL  with  only  one  selected  level  of  FSH  dosage  (the  amount 
necessary  to  produce  ovaries  weighing  20  mg.  when  injected  alone)  is  sufficient  for 
most  routine  FSH  assays  with  sheep  preparations.  However,  the  preliminary  back' 
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ground  tests  without  APL  added  (see  6g.  4)  are  necessary  for  interpretation  with  pi- 
tuitaries  from  other  species  as  the  source  of  FSH  activity. 

Slope  of  dosagC'response  curve  with  constant  ratios  of  anterior  pituitary4i\e  to 
follicle'Stimulating  hormone.  In  6gure  3  are  presented  the  data  obtained  with  increas' 
ing  dosages  of  FSH  alone,  APL  alone,  and  three  mixtures  of  APL  with  FSH  in  ratios  .  ,  _J 

of  2  units  to  I,  10  to  I,  and  50  units  to  i,  as  indicated  in  the  figure.  These  mixtures 
were  made  at  the  greatest  concentration  which  was  to  be  injected,  and  dilutions  were 
made  therefrom  with  water  so  that  the  ratio  of  the  two  constituent  gonadotropic 
principles  did  not  vary. 

The  addition  of  2  i.u.  of  APL  for  each  r.u.  of  FSH  did  not  alter  appreciably  the 
slope  of  the  dose'response  line  when  dosage  is  plotted  in  terms  of  FSH  units.  How' 


Fig.  4.  Relative  activities  and  different  slopes  of  the  regression  lines  obtained  with  pituitariea 
from  four  species.  The  augmentation  of  each  when  combined  with  APL  is  also  shown. 


ever,  when  10  or  50  i.u.  of  APL  was  added  for  each  r.u.  of  FSH,  the  slope  of  the  dose' 
response  curve  became  much  steeper. 

Since  the  slope  was  thus  found  to  depend  upon  the  ratio  of  APL  to  FSH,  it  is 
obvious  that  statements  describing  the  extent  of  augmentation  have  little  significance 
when  based  upon  one  determination  with  the  combined  gonadotropins.  For  example, 
when  one  i.u.  of  APL  was  combined  with  0.5  r.u.  of  FSH  (ratio  2:  i)  ovaries  weighing 
28  mg.  were  produced.  Ovaries  weighing  27.5  mg.  were  produced  by  2  r.u.  of  FSH 
alone.  This  is  an  augmentation  of  four  times  in  terms  of  increased  effectiveness  of  the 
FSH  compound.  However,  approximately  40  i.u.  of  APL  would  be  required  to  pro' 
duce  ovaries  of  the  same  weight,  and  this  represents  an  augmentation  of  the  order  of 
40  times  in  terms  of  increased  effectiveness  of  APL.  When  5  or  25  i.u.  of  APL  was 
combined  with  0.5  r.u.  of  FSH  (ratio  10  or  50:1),  the  augmentation  was  of  only 
slightly  greater  magnitude.  When  10  or  50  i.u.  of  APL  was  combined  with  i  r.u.  of 
FSH  the  augmentation  was  of  the  order  of  100  times  in  terms  of  FSH  and  upward  of 
infinity  in  terms  of  APL;  whereas  when  APL  was  combined  at  still  higher  dosage 
levels  of  FSH  in  the  ratio  of  2:  i,  the  augmentation  is  of  the  order  of  only  10  times  in 
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terms  of  FSH.  These  values  show  the  marked  augmentation  obtained  upon  combina' 
tion  of  APL  and  FSH,  but  also  show  that  statements  of  the  extent  of  augmentation 
based  upon  one  or  two  combinations  have  limited  significance. 

Dosc'response  curve  obtained  tvith  pituitaries  from  various  species.  The  relative 
potencies  of  human,  horse,  pig,  and  sheep  acetone^dried  pituitary  powders  are  shown 
in  figure  4.  The  powders  were  injected  in  aqueous  suspension  at  pn  8.  Pig  and  sheep 
pituitaries  were  found  to  have  approximately  the  same  potencies,  whereas  human  and 
horse  pituitaries  are  approximately  5  times  more  potent  if  comparison  of  activity  is 
based  upon  ovarian  weights  of  20  mg.  Since  the  slopes  of  the  dose'response  Unes  are 
markedly  different  one  would  conclude,  on  the  basis  of  ovarian  weight  of  60  mg.  that 
human  pituitaries  were  16  times  as  potent  as  pig  or  sheep  pituitaries,  and  twice  as 
potent  as  horse  pituitaries.  One  must  wonder  whether  comparison  of  potency  at  either 
level  of  response  is  correct.  Rowlands  and  Williams  (10,  see  also  7)  have  recently 
shown  that,  in  their  strain  of  rats,  sheep  and  pig  pituitary  glands  produce  maximum 
ovarian  weights  of  only  30  mg.,  whereas  human  and  horse  pituitary  glands  produce 
maximum  ovarian  weights  of  100  mg.  We  have  not  determined  the  maximum  weights 
obtainable  with  pig  and  sheep  pituitaries  in  our  rats  because  dosages  greater  than  100 
mg.  are  not  practical.  Obviously,  ovarian  weights  of  60  mg.  are  producible,  and  are 
probably  near  the  maximum  weight  obtainable  in  the  strain  of  rats  used  here.  Human 
and  horse  pituitaries  produce  maximum  ovarian  weights  of  100  to  120  mg.  in  our  tests. 

Interesting  results  were  obtained  when  these  unfractionated  powders  were  com' 
bined  with  chorionic  gonadotropin.  The  effectiveness  of  hum^n  gonadotropin  was 
found  to  be  approximately  doubled.  Unfractionated  horse  pituitary  powders,  suT' 
prisingly,  showed  inhibition,  or  no  effect,  at  three  levels  tested.  Pig  and  sheep  pitui' 
taries,  on  the  other  hand,  showed  augmentation  of  the  order  of  3  to  5  times  at  the 
dosage  levels  tested. 

The  slopes  of  the  lines  and  results  with  the  APL  augmentation  indicate  that 
gonadotropins  from  pig  and  sheep  pituitaries  are  primarily  follicle  stimulating,  and 
therefore  can  be  synergized  with  chorionic  gonadotropin.  Human  and  horse  pitui' 
taries,  on  the  other  hand,  are  nearly  saturated  with  the  luteinizing  gonadotropin 
component  and  give  less,  or  no,  syngergism  with  chorionic  gonadotropin.  These  con' 
elusions  are  not  consistent  with  the  generally  accepted  idea  that  human  and  horse 
pituitary  extracts  are  primarily  follicle  stimulating  (ii).  However,  Rowlands  and 
Williams  (10)  recently  concluded  that  the  follicle'Stimulating  hormone  in  horse 
pituitary  glands  is  mixed  with  an  optimal  quantity  of  the  luteinizing  hormone  and 
Noble  et  al.  (12)  obtained  luteinized  ovaries  in  hypophysectomized  rats  treated  with 
human  pituitary  extract. 

When  the  data  of  Cartland  and  Nelson  (13)  on  the  effect  of  the  mare  serum  hor' 
mone  on  ovarian  weights  in  rats  were  plotted  using  logarithm'dose  against  ovarian 
weight,  as  in  figure  4,  the  slope  of  the  line  that  best  fits  the  data  was  similar  to  that  for 
human  pituitaries  and  steeper  than  that  for  horse  pituitaries. 

Combination  of  pituitary  preparations  with  follicle'Stimulating  hormone.  The  meth' 
od  just  described  for  the  assay  of  pituitary  FSH  was  based  on  its  synergistic  reaction 
with  a  constant  amount  of  APL.  As  stated  in  the  introduction  a  similar  method  for 
LH  assay,  but  with  FSH  and  LH  reversed,  might  be  possible.  From  the  data  shown  in 
figure  I,  it  seemed  best  to  use  the  initial  rapid  increase  in  ovarian  weight  which  was 
'  obtained  when  APL  was  combined  with  i  r.u.  of  FSH,  provided  that  pituitary  LH 
behaved  similarly  to  APL. 

Since -assay  methods  for  APL  are  well  developed  we  have  limited  these  pre' 
liminary  LH  assay  studies  to  combinations  of  pituitary  fractions  with  i  r.u.  (0.25 


September,  194a 


ASSAY  OF  GONADOTROPIN 


315 


mg.)  of  G,  which  alone  produces  ovaries  weighing  ao  mg.  Routinely,  the  amount  of 
pituitary  preparation  to  be  tested  for  LH  activity,  which  would  produce  ovaries 
weighing  20  mg.  (i  r.u.)  was  determined,  and  that  amount  was  then  combined  with 
I  R.U.  of  preparation  G  to  test  for  augmentation.  An  additive  effect  equal  to  that 
obtained  with  2  r.u.  of  G  should  result  in  ovaries  weighing  29  mg.  Under  similar 
conditions  with  APL,  ovaries  weighing  50  mg.  were  produced. 

In  such  tests  by  combining  i  r.u.  of  FSH  with  13  different  pituitary  fractions,  it 
was  found  that  an  additive  effect  was  obtained  with  7  partially  fractionated  extracts 
from  sheep  and  pig  glands  (ovarian  weights  30  +  5  mg.);  slight  but  perhaps  significant 
augmentation  was  obtained  with  one  LH  fraction  (ovarian  wt.,  43  mg.)  but  not  with 


Fig.  5.  Augmentation  when  sheep  FSH  and  dried  human  pituitaries  arc  combined. 

Compare  with  figure  i. 

another  (ovarian  wt.,  24  mg.).  Purified  prolactin  (30  i.u./mg.)  gave  no  augmentation 
with  either  FSH  or  APL  in  doses  up  to  40  mg.  Two  isoelectrically  insoluble  fractions 
that  were  nearly  free  from  prolactin  and  gonadotropin  were  negative  cis  was  pro- 
lactin. 

The  results  of  these  tests  were  somewhat  discouraging.  Since  dried  horse  and 
human  pituitary  powders  are  supposed  to  contain  little  LH,  we  also  tried  them  to 
see  if  we  got  additive  results.  Two  milligrams  of  horse  powder  combined  with  i  r.u. 
of  G  gave  ovaries  of  40  and  51  mg.  in  two  tests.  These  results  are  rather  high  to  be 
additive.  The  augmentation  obtained  with  preliminary  tests  with  human  powder 
was  so  conclusive  that  further  tests  were  made  and  all  the  data  are  shown  in  figure  5. 
The  experimental  setup  was  the  same  as  in  figure  i  except  that  the  human  pituitary 
powder  was  used  instead  of  APL  from  pregnancy  urine.  The  obvious  similarity  of  the 
results  were  unexpected  in  view  of  the  prevalent  idea  that  human  pituitaries  have 
little  luteinizing  activity.  The  chief  difference  is  that  the  region  of  constant  response 
of  the  ovarian  weight  is  at  a  level  of  80  mg.  instead  of  50  mg.  for  the  APL.  The  maxi- 
mum  augmentation  is  of  the  order  of  10  times  in  terms  of  human  pituitary  powder  and 
of  50  to  100  times  in  terms  of  preparation  G. 
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DISCUSSION 

The  regression  lines  relating  logarithm-dose  to  response  may  be  expressed  by  the 
equation  y  =  in  log  x+b,  where  y  is  the  ovarian  weight,  x  the  dose,  m  the  slope  and 
b  is  a  constant  whose  value  6xes  the  position  of  the  regression  line  on  the  graph.  This 
equation  obviously  has  no  significance  for  values  of  y  below  that  of  the  control 
ovarian  weight.  Also,  as  Emmens  (7)  has  pointed  out,  such  regression  lines  do  not  fit 
the  data  in  the  regions  of  maximal  and  minimal  regions  of  ovarian  response.  It  can  be 
readily  seen  in  figures  i  to  4  that  the  straight  regression  lines  do  not  fit  the  data  well 
until  an  ovarian  weight  of  20  mg.  or  more  has  been  reached  in  some  cases. 

The  slopes  (m  values)  of  the  regression  lines  in  figures  i  to  4  have  been  determined 
graphically.  Such  slopes  have  comprehensible  significance  when  expressed  in  terms  of 
milligrams  increase  of  ovarian  weight  for  a  unit  change  in  logarithm  dose,  which 
means  a  lO'fold  increase  in  dosage.  The  slopes  obtained  are  as  follows:  APL  plus 
FSH  (ratio  50:1),  150  mg.;  human  pituitaries,  130  mg.;  horse  pituitaries,  78  mg.; 
APL  plus  FSH  (ratio  2:  i),  53  mg.;  pig  pituitaries,  47  mg.;  sheep  pituitaries,  34;  sheep 
FSH,  preparation  G,  33  mg.;  APL,  13  mg. 

In  our  rats  10  i.u.  of  APL  produced  ovaries  weighing  20  mg.  From  the  m  value 
of  13  one  can  calculate  that  100  i.u.  (a  lo'Told  increase  in  dose)  will  produce  ovaries 
weighing  33  mg.,  i.e.  20+(iXi3);  1000  i.u.  (a  lo^-fold  increase  in  dose)  will  pro' 
duce  ovaries  weighing  46  mg.,  i.e.  2o+(2Xi3);and  that  10,000,000  i.u.  (a  io*Told  in' 
crease  in  dose)  would  be  required  to  produce  ovaries  weighing  98  mg.,  i.e. 
20 +(6X13),  if  a  maximum  limit  were  not  reached  first.  About  2  mg.  of  horse 
pituitary  extract  produced  ovaries  weighing  20  mg.  and  a  10  fold  increase  or  20  mg. 
will  produce  ovaries  weighing  98  mg.,  i.e.  20+(i  X78).  These  calculations  are  pre- 
sented  in  order  to  show  that  when  the  slope  with  horse  pituitaries  is  78/13,  or  6 
times  as  great  as  that  with  APL,  that  it  means  10*  or  1,000,000  times  in  terms  of  the 
dosage  scale. 

We  believe  that  these  m  values  (rate  of  change  of  ovarian  weight  with  increasing 
dosage)  are  biological  constants  characteristic  of  the  gonadotropin  complex  injected 
and  may  be  used  to  describe  the  preparation.  One  further  advantage  of  these  m 
values  is  that  they  probably  do  not  vary  with  the  rat  strain  whereas  the  dosage 
required  to  give  a  unit  response  (c.g.  an  ovary  weighing  20  mg.)  will  vary  greatly 
with  the  rat  strain.  These  m  values,  however,  will  vary  with  the  duration  and  route 
of  injection. 

Because  the  extent  of  the  ovarian  response  is  limited,  the  actual  data  may  not  fit 
such  regression  lines  over  a  full  lO'fold  change  in  dosage.  If  the  slope  is  great,  as  with 
mare  serum  or  human  pituitaries,  only  the  region  of  fit  can  be  considered. 

In  general,  the  steeper  the  slope  of  a  regression  line  the  greater  will  be  the  accu- 
racy  of  the  assay.  On  that  basis  the  best  method  for  assay  of  FSH  might  be  a  combina' 
tion  of  FSH  with  an  excess  of  APL  in  the  ratio  of  i  r.u.  of  FSH  to  50  i.u.  of  APL. 
The  working  range  for  this  method  is  confined  to  the  narrow  limits  of  i  unit  ±  50 
per  cent  because  of  the  steep  slope  and  the  fact  that  the  APL  alone  produces  con' 
siderable  ovarian  stimulation.  Most  of  the  tests  by  the  Evans  laboratory  are  made 
under  these  conditions. 

Assay  of  LH  using  an  excess  of  sheep  FSH  G,  however,  is  not  practical  because 
the  FSH  alone  produces  too  much  ovarian  stimulation.  Perhaps  more  highly  purified 
preparations  of  FSH  would  have  lower  m  values  although  the  difference  between  the 
m  valuesTor  crude  sheep  powder  and  our  fiiaction  G  do  not  indicate  it. 

We  have  tried  combinations  of  1.5  cc.  of  plasma  from  blood  of  normal  human 
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males  and  of  females,  with  sheep  FSH,  or  with  APL,  and  obtained  no  evidence  of 
gonadotropins  in  such  plasmas.  The  plasma  from  the  blood  of  a  pregnant  woman  gave 
marked  augmentation  with  FSH  but  not  with  APL.  This  latter  plasma  is  therefore 
similar  to  APL  and  human  pituitary  powder  in  the  augmentation  reaction. 

SUMMARY 

In  studies  on  over  1000  rats  the  variation  of  ovarian  weight  in  immature  rats  with 
dosage  was  studied  using  dried  human,  horse,  sheep  and  pig  pituitaries,  chorionic 
gonadotropin,  sheep  FSH  and  various  combinations  of  the  latter  two  gonadotropins. 

The  ovarian  weights  were  plotted  against  the  logarithm  of  the  dose  of  either 
chorionic,  FSH,  or  combinations  thereof,  and  regression  Hnes  of  characteristic  slopes 
were  passed  through  the  experimental  points.  The  slopes  of  such  lines  were  found 
to  be  a  function  of  the  relative  proportions  of  FSH  to  LH  or  to  chorionic  in  the  sample 
tested. 

When  FSH  dosage  was  kept  constant  and  chorionic  dosage  was  varied  it  was 
found  that,  after  an  early  rise  in  ovarian  weight,  there  was  a  region  in  which  there 
was  no  change  of  ovarian  weight  with  increasing  chorionic  dosage  between  dose 
levels  of  I  to  10  i.u.,  irrespective  of  the  FSH  level.  At  higher  dosage  levels  than  10 
i.u.  of  chorionic  gonadotropin  the  ovarian  weight  again  increased  rapidly.  This  cir- 
cumstance  makes  possible  the  accurate  assay  of  FSH  potency  by  the  combination  of 
the  pituitary  fraction  under  test  with  3  i.u.  of  chorionic  gonadotropin. 

Dried  human  pituitaries,  plasma  from  a  pregnant  woman  and  chorionic  gonado¬ 
tropin  all  behave  similarly  in  showing  great  augmentation  when  combined  with  i 
R.U.  of  sheep  FSH  and  little  or  no  augmentation  when  combined  with  chorionic 
gonadotropin. 
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INFLUENCE  OF  NORMAL  MALE  URINE  GONADOTROPIN 
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A  GONADOTROPIC  substancc  is  present  in  the  urine  of  normal  men  which  will 
induce  spermatogenesis  in  hypophysectomized  rats  (i)  and  ground  squirrels 
(2).  In  addition  to  an  effect  on  the  seminiferous  tubules,  a  male  urine  extract, 
prospermin,  which  is  prepared  by  an  alcoholic  precipitation  method  (3),  produces  an 
hypertrophy  of  the  interstitial  cells  and  a  stimulation  of  the  accessory  sexual  organs, 
thus  indicating  the  presence  of  an  interstitiahtissue'Stimulating  factor.  However, 
extracts  of  the  urine  of  men,  if  prepared  by  tannic  acid  precipitation,  have  pre- 
dominantly  a  follicle'Stimulating  effect  on  the  ovaries  of  hypophysectomized  rats 
whereas  prospermin  will  not  only  stimulate  follicular  growth  but  will  also  cause 
luteinization,  even  at  low  dosages  (4). 

The  results  of  the  studies  show  that  the  effects  of  the  two  preparations  from  male 
urine  on  the  ovaries  of  hypophysectomized  rats  are  quite  different.  Therefore,  it 
was  deemed  of  interest  to  extend  the  investigation  of  the  action  of  male  urine  extract 
prepared  by  tannic  acid  precipitation  to  include  the  hypophysectomized  male  rat. 

MATERIALS  AND  METHODS 

The  male  urine  gonadotropin  was  prepared  from  pooled  urine  of  male  medical 
students  by  precipitation  with  tannic  acid  and  subsequent  partial  puriheation  accord¬ 
ing  to  the  method  of  Levin  and  Tyndale  (5).  It  was  found  that  approximately  23  mg. 
of  the  active  powder  could  be  obtained  from  one  liter  of  male  urine.  For  our  experi¬ 
ments,  a  single  batch  of  material  was  used  which  was  assayed  by  the  mouse  uterus 
technic  (6).  One  unit  was  found  to  be  equivalent  to  3  mg.  of  dry  powder.  This  mate¬ 
rial  was  dissolved  in  water  for  administration  and  only  sufficient  solution  was  made 
up  for  3  to  5  days,  additional  solutions  being  prepared  for  subsequent  injections  dur¬ 
ing  the  treatment  interval  of  20  to  25  days. 

Immature  male  rats  were  hypophysectomized  at  34  to  36  days  of  age  at  which 
time  spermatozoa  were  not  present  in  the  testes.  An  interval  of  5  to  7  days  was 
allowed,  to  ebpse  after  hypophysectomy  before  beginning  treatment.  The  mature 
rats  were  121  to  154  days  of  age  at  the  time  of  hypophysectomy  and  hormone  ad¬ 
ministration  was  started  the  day  following  the  operation. 

The  extract  was  administered  subcutaneously  twice  daily  and  the  rats  autopsied 
.  18  hours  after  the  last  injection,  at  which  time  the  weight  of  the  testes,  seminal 
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vesicles  and  adrenals  was  taken.  The  weight  of  the  seminal  vesicles  includes  the 
coagulating  gland  and  any  contained  fluid.  The  weight  of  the  prostate  was  obtained 
only  in  the  experiments  with  the  mature  rat. 

All  pituitary  capsules  were  serially  sectioned,  stained  with  Masson  trichrome 
and  examined  microscopically  for  pituitary  fragments.  Data  from  only  completely 
hypophysectomized  animals  are  presented. 

RESULTS  AND  DISCUSSION 

The  influence  of  male  urine  gonadotropin  on  the  hypophysectomized  immature 
male  rat  is  illustrated  in  table  i.  Testis  weight  is  definitely  increased  with  a  daily 


Table  i.  Response  of  htpophysectomized  immature  male  rats  to  normal  male 

URINE  GONADOTROPIN 


Rat 

Number 

Age  at 
Hypophy- 
aectomy, 
days 

Post¬ 

operative 

Interval, 

days 

Daily 
Injection 
Total  No. 

Testis 

Weight, 

®g- 

Seminal 

Vesicle 

Weight, 

mg. 

Sperm* 

Animals  receiving  i  m.u.u.  daily 


Bha4638 

34 

7 

20 

249 

4.8 

0 

Ga46o6 

34 

5 

9 

«3 

5.7 

0 

Ga4997 

34 

5 

a5 

535 

7-4 

+ 

Amrruils 

receiving  2  m.u.u.  daily 

624889 

MM 

■  ay 

1068 

17.2 

++ 

GH24998 

15 

616 

7.0 

0 

Wa46a6 

34 

a5 

960 

23.0 

+ 

BH15108 

35 

*5 

614 

9-5 

+ 

Wa48i6 

3? 

21 

663 

ly.o 

+ 

024589 

35 

20 

550 

7.0 

+ 

B2498J 

35 

18 

y20 

6.9 

0 

Animals  receiving  4  m.u.u.  daily 

B24982 

35 

5 

15 

1304 

101.0 

++ 

Wayioj 

35 

6 

15 

1009 

17- 4 

++ 

Control  rats  5  days  after  hypophysectomy 

365 

7-5 

0 

Control  rats  50  days  after  hypophysectomy 
Unoperated  control  rats,  if  days  of  age 

*03 

51 

0 

718 

13  a 

0 

Unoperated  control  rats,  60  days  of  age 

2175 

404.0 

++ 

^  Sperm:  o,  no  spermatoEoa;  spermatids  but  no  spermatozoa;  -|— h,  spermatozoa. 


dosage  of  2  and  4  mouse  uterus  units  (m.u.u.).  The  largest  amount  of  extract  adminis' 
tered  (100  m.u.u.)  produced  as  much  as  a  13'fold  increase  in  testis  weight  in^compari' 
son  with  hypophysectomized  controls.  Furthermore,  this  effect  was  more  than  merely 
a  maintenance  of  testis  weight  since  these  organs  were  heavier  after  25  days  of  treat¬ 
ment  than  at  5  days  after  hypophysectomy,  at  which  time  injection  of  the  hormone 
was  usually  started. 

The  lowest  dose  employed  (i  m.u.u.)  had  only  a  slight  effect  on  spermatogenesis; 
a  few  spermatids  being  present  in  one  case.  An  increase  of  the  daily  dose  to  2  m.u.u. 
resulted  in  an  increase  in  size  of  the  seminiferous  tubules  and  a  stimulation  of  sper¬ 
matogenesis  to  spermatid  and  spermatozoa  formation  in  most  cases  but  spermatozoa 
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were  not  present  in  the  epididymides.  With  a  dosage  of  4  m.u.u.  daily  for  25  days, 
spermatozoa  were  present  in  the  testes  and  epididymides  (fig.  2,  3, 4). 

A  pronounced  hypertrophy  of  the  interstitial  tissue  could  not  be  observed  his' 
tologically  following  the  injection  of  the  male  urine  extract,  but  an  increase  in  seminal 
vesicle  weight  was  obtained  in  several  animals.  A  marked  enlargement  of  the  seminal 
vesicles  resulted  in  one  animal. 

In  the  experiments  with  hypophysectomized  mature  male  rats  the  lowest  dosage 
used  of  our  male  urine  extract  did  not  maintain  testis  weight  or  spermatogenesis,  the 
seminiferous  tubules  being  atrophic.  The  dosage  of  2  and  4  units  daily  gave  good 
maintenance  of  spermatogenesis  for  20  days  and  although  spermatozoa  were  numer- 
ous,  tubular  size  was  reduced  and  there  was  some  decrease  in  testis  weight  which  was 
still,  however,  much  above  the  testis  weight  of  operated  controls. 

In  the  mature  rat,  regardless  of  dosage,  the  seminal  vesicle  weight  regressed  at 
the  same  rate  that  it  did  in  the  hypophysectomized  controls  (table  2).  However, 


Table  a.  Response  of  hypophysectomized  mature  male  rats  to  normal  male  urine  gonadotropin 


No.  of 

Rats 

Daily 

Dose, 

M.u.u. 

Days 

Injected 

Testis 

Weight, 

mg. 

Seminal 

Vesicle 

Weight, 

mg. 

Sperm 

2 

I 

20 

750-0 

104.0 

0 

2 

2 

20 

2005.0 

IJl.O 

.++ 

3  1 

4 

20 

1677.0 

90.0 

++ 

Control  rats  ao  days  after  hypophysectomy  (17) 

670.0 

119.0 

0 

Unoperated  control  rats  (5) 

296^.0 

1004.0 

++ 

weights  of  the  ventral  prostates  from  animals  receiving  the  largest  dose  were  100  per 
cent  greater  than  that  of  the  hypophysectomized  controls  which  indicates  some  inter¬ 
stitial  tissue  stimulation. 

These  results  substantiate  the  suggestion  that  luteinization  would  result  with 
this  gonadotropin  if  dosages  of  more  than  40  m.u.u.  were  administered  (4).  Smith, 
Engle  and  Tyndale  (7)  induced  spermatogenesis  in  hypophysectomized  rats  with  ex¬ 
tracts  of  castrate  urine  and  obtained  httle  or  no  enlargement  of  the  accessory  sexual 
organs.  Tyndale  (8)  later  found  that  an  increase  in  seminal  vesicle  weight  could  be 
produced  if  sufl&ciently  large  amounts  of  the  castrate  urine  extract  were  used.  Our 
experiments  indicate  that  male  urine  gonadotropin  acts  like  similarly  prepared  extracts 
of  castrate  urine.  On  the  other  hand,  prospermin,  while  capable  of  stimulating  sper¬ 
matogenesis  also  exhibits  a  marked  luteinizing  action,  seminal  vesicle  weight  being 
increased  to  as  much  as  125  times  the  control  weight  (i). 

Zalesky,  Wells,  Overholser  and  Gomez  (9)  have  reported  that  the  atrophied 
adrenal  of  the  hypophysectomized  ground  squirrel  is  stimulated  by  the  male  urine 
extract  prospermin.  In  the  report  of  Leathern  (i)  on  the  effect  of  prospermin  on  the 
hypophysectomized  male  rat  the  adrenal  weights  were  not  included  because  no  weight 
increase  was  obtained.  In  view  of  this  difference  in  results  a  mention  of  these  data  is 
added  here.  Hypophysectomized  immature  male  rats  were  injected  with  i  or  2  mg. 
daily  doses  of  prospermin  for  periods  of  5  to  30  days  and  adrenal  weight  regressed  to 
the  range  of  hypophysectomized  controls  in  all  cases  (2.4-6.  i  mg.).  This  suggests  a 
species  difference  in  response  to  prospermin  in  that  the  dosage  administered  to  the 
rats  compares  with  the  experiments  on  the  ground  squirrel  (9).  The  typical  loss  in 
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adrenal  weight  resulting  after  hypophysectomy  was  not  influenced  by  male  urine 
gonadotropin  prepared  by  the  tannic  acid  method. 

SUMMARY 

Gonadotropic  extracts  of  normal  male  urine  prepared  by  tannic  acid  precipitation 


Fig.  I.  Testis  of  an  untreated  hypophysectomized  immature  rat  jo  days  after  operation.  X204. 
Fig.  2.  Testis  of  an  hypophysectomized  immature  rat  treated  with  4  m.u.u.  of  normal  male  urine 
gonadotropin  for  25  days.  X204. 

Fig.  3.  Seminiferous  tubule  showing  presence  of  spermatozoa  following  treatment  with  normal 
male  urine  gonadotropin.  X610.  Fig.  4.  Spermatozoa  in  the  epididymis.  X610. 
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restores  and  maintains  spermatogenesis  in  hypophysectomized  rats.  This  material 
causes  a  definite  increase  in  testis  weight  in  the  hypophysectomized  immature  ani' 
mal.  An  increase  in  seminal  vesicle  weight  was  obtained  in  some  instances  indicating 
the  presence  of  a  small  amount  of  interstitial  tissue  stimulating  factor.  These  results 
show  that  male  urine  gonadotropin  acts  like  similarly  prepared  extracts  of  castrate 
or  postmenopausal  urine  giving  predominantly  a  gametogenic  effect. 
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IN  1930,  HOGBEN  (i)  first  showcd  that  anterior  pituitary  lobe  extracts  could  cause 
external  deposition  of  ova  in  the  hypophysectomized  mature  female  Xenopus 
laevis  (the  ^uth  African  clawed  frog).  Following  this  original  observation  Hog' 
ben,  Charles  and  Slome  (2),  Shapiro  and  Zwarenstein  (3,  4),  and  Bellerby  (5,  6)  cor- 
roborated  Hogben’s  finding.  Hence  the  use  of  the  female  Xenopus  as  an  assay  animal 
for  gonadotropic  substances  came  into  use  in  South  Africa. 

In  1934,  Shapiro  and  Zwarenstein  (7,  8)  and  Bellerby  (9)  working  independently, 
simultaneously  suggested  the  use  of  the  Xenopus  frog  reaction  as  a  test  for  gonado¬ 
tropic  hormones  in  pregnancy  urines.  Many  confirmatory  papers  on  this  simple  test 
for  pregnancy  were  soon  forthcoming  (10-22).  This  characteristic  extrusion  of  eggs 
by  the  female  Xenopus  is  rapidly  becoming  widely  used  as  a  quick  test  for  the  early 
diagnosis  of  pregnancy. 

The  Xenopus  frog  differs  from  the  common  variety  of  American  frogs  in  that  it 
constantly  ovulates  and  accordingly  carries  the  ova  in  its  abdomen.  The  eggs  are 
extruded  in  natural  life  only  upon  stimulation  by  the  male  of  the  species.  The  Xenopus 
has  never  been  seen  to  extrude  any  eggs  when  kept  segregated  from  males  under 
laboratory  conditions,  unless  injected  by  hormones.  Thus,  the  animal  is  ever  ready 
to  expel  its  eggs  upon  proper  stimulation.  The  external  deposition  of  eggs  has  come 
to  be  accepted  as  a  reliable  manifestation  of  gonadotropic  activity. 

Although  the  external  extrusion  of  fully  developed  Xenopus  eggs  could  be  at¬ 
tained  by  pituitary  extracts  and  gonadotropic  extracts  of  pregnancy  urine,  it  had  not 
been  clearly  defined  which  fraction  of  the  urinary  gonadotropins  was  chiefly  respon¬ 
sible  for  the  reaction.  With  this  in  mind  a  large  series  of  Xenopus  frogs  was  tested 
with  two  separate  gonadotropic  extracts:  a),  human  chorionic  gonadotropin  derived 
from  the  urine  of  pregnancy,  chiefly  luteinizing  factor  and  b),  equine  gonadotropin 
derived  from  pregnant  mare  serum,  chiefly  folUcle  stimulating  factor. 

EXPERIMENTAL  PROCEDURE 

The  Xenopus  unit  was  based  on  the  deposition  of  eggs  within  6  to  18  hours  after 
a  dorsal  subcutaneous  injection  of  the  hormone  tested.  The  smallest  amount  of  hor¬ 
mone  which  constantly  caused  extrusion  was  defined  as  one  Xenopus  unit.  For  each 
separate  dosage  of  hormone  to  be  tested  two  mature  female  Xenopus  frogs  were  used. 
Each  Xenopus  was  placed  in  a  2'gallon  tank  filled  one-third  with  water.  Each  tank 
was  furnished  with  a  half-inch  wire  mesh  placed  one  inch  above  the  bottom  of  the 
tank  to  prevent  the  possibility  of  the  Xenopus  eating  any  of  its  eggs. 

Equine  gonadotropin  (from  pregnant  mare  serum).  Sixteen  tanks  were  set  up  for  8 
different  dosages  of  the  equine  gonadotropin.  Tanks  A  and  A'  held  frogs  injected  with 
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Table  i.  Action  of  chorionic  gonadotropins  on  the  extrusion  of  eggs  in  the  female 

XENOPUS  FROG 


Gonadotropins  Derived  from  Pregnant 
Mares'  Serum 

Chorionic  Gonadotropins  Derived  from 
Human  Pregnancy  Urine 

Tank  A 

I  C.'N.  u.‘  Negative 

100  I.U.*  Negative 

5  I.U.’  Negative 

y  R.U.*  Negative 

A' 

I  C.'N.  u.*  Negative 

100  I.U.*  Negative 

y  I.U.*  Negative 

5  R.U.*  Negative 

B 

2  C.'N.  u.*  Negative 

200  I.U.*  Negative 

10  I.U.*  Negative 

10  R.U.*  Negative 

B' 

2  C.'N.  u.‘  Negative 

200 1.U.*  Negative 

10  I.U.*  Negative 

10  R.U.*  Negative 

C 

5  C.'N.  Negative 

400  I.U.*  Negative 

25  I.U.*  Negative 

2y  R.U.*  Negative 

C' 

1  C.'N.  u.*-  Negative 

400  I.U.*  Negative 

27  I.U.*  Negative 

2y  R.U.*  Negative 

D 

10  C.'N.  u.*  Negative 

600 1.U.*  Negative 

50  I.U.*  Negative 

yo  R.U.*  Negative 

D' 

10  C.'N.  u.*  Negative 

600 1.U.*  Negative 

yo  I.U.*  Negative 

yo  R.U.*  Negative 

£ 

20  C.'N.  u.*  Negative 

800 1.U.*  Negative 

100  I.U.*  Positive, 
hundreds  of  eggs 

100  R.u.‘  Positive, 
hundreds  of  eggs 

E' 

20  C.'N.  u.*  Negative 

800  I.U.*  Negative 

100  I.U.*  Positive, 
hundreds  of  eggs 

100  R.U.*  Positive, 
hundreds  of  eggs 

F 

30  C.'N.  u.*  Positive, 
(8-22  eggs) 

1000 1.U.*  Positive, 
few  eggs 

lyo  I.U.*  Positive 

lyo  R.u.^  Positive 

F' 

30  C.'N.  u.i  Positive, 
(17-41  eggs) 

1000  I.u.*  Positive, 
few  eggs 

lyo  I.U.*  Positive 

lyo  R.U.*  Positive 

G 

40  C.'N.  u.^  Positive, 
(iw  reaction) 

1200  I.U.*  Positive, 
few  eggs 

200  I.U.*  Positive 

200  R.U.*  Positive 

G' 

40  C.'N.  u.'  Positive, 
(fair  reaction) 

1200  I.U.*  Positive, 
few  eggs 

200  I.U.*  Positive, 

200  R.U.*  Positive 

H 

60  C.'N.  u.*  Positive, 
hundreds  of  eggs 

1600 1.U.*  Positive, 
hundreds  of  eggs 

250  I.U.*  Positive 

2yo  R.U.*  Positive 

H' 

60  C.'N.  u.*  Positive, 
hundreds  of  eggs 

1600 1.U.*  Positive, 
hundreds  of  eggs 

250  I.U.*  Positive 

2yo  R.U.*  Positive 

*  Equine  gonadotropin  (Gonadogen),  Upjohn  Co.,  Kalamazoo,  Mich. 

*  Equine  gonadotropin  (Anteron),  &hering  Corp.,  Bloomfield,  N.  J. 

’  Chccionic  gonadotropin  from  human  pregnancy  urine  (FoUutein)  E.  R.  Squibb  d  Sons,  New 
Brunswick,  N.  J. 

*  Chorionic  gonadotropin  from  human  pregnancy  urine  (antuitrin'S),  Parke,  Davis  d  Co.,  Detroit, 
Mich. 


one  Cartland'Nelson  unit;*  the  frogs  in  B  and  B'  received  injections  of  2  C'N.  u; 
those  in  C  and  C'  received  5  C.'N.  u.;  D  and  D',  10  C.'N.  u.;  E  and  E',  20  C.-N.  u.; 
F  and  F',  30  C.'N.  u.;  G  and  G',  40  units;  and  H  and  H',  60  units. 

The  animals  were  all  injected  through  the  dorsal  lymph  space  and  were  kept  at 
room  temperature.  They  were  examined  periodically  up  to  18  hours  after  injection. 
After  18  hours  it  was  noted  that  the  animals  in  F,  F',  G,  G',  H,  H'  had  all  deposited 
ova,  with  the  animals  in  tanks  H  and  H'  (60  units)  having  extruded  the  greatest  num' 
her  of  eggs.  The  animals  in  the  other  tanks  had  not  reacted. 

The  entire  experiment  was  repeated  the  following  day  with  similar  results  being 
obtained. 

A  set'up  similar  to  the  two  previous  experiments  was  repeated  using  another 
source  of  equine  gonadotropin.  This  preparation  had  been  prepared  and  assayed  by 
a  different  commercial  organization.  The  substance  is  standardized  in  thirty-three  in- 
temational  units  (i.u.).*  The  eight  different  dosages  which  were  administered  to  the 
Xenopus  were  100, 200, 400, 600, 800, 1000, 1200,  and  1600  international  units.  After 
18  hours  it  was  found  that  the  frogs  which  were  treated  with  doses  of  1000  i.u.  or 

*  One  Cartland'Nelson  unit  may  be  defined  as  a  minimum  total  dose  of  hormone  which,  admin' 
istered  to  ai  to  23  day'old  rats  weighing  35  to  4^  gm.  in  three  equal  subcutaneous  injections  at  daily 
intervals,  will  produce  at  autopsy,  ^  hours  after  the  first  injection,  a  mean  ovarian  weight  of  mg. 
which  is  4  to  5  times  that  of  the  control. 

*  The  expression  of  the  potency  of  this  substance  was  obtained  from  a  ruling  set  down  by  the 
Permanent-Commission  on  Biological  Standardization  of  the  Health  Organization  of  the  League  of  Na* 
tions  which  states  that  “the  specific  gonadotropic  activity  of  0.25  mg.  (250  micrograms)  of  the  standard 
preparation  shall  be  the  international  unit  for  recording  the  activities  of  all  gonadotropic  prepiarations 
of  the  serum  of  pregnant  mares,  but  only  of  such.” 
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more  of  pregnant  mare  serum  had  reacted  by  depositing  eggs.  Only  the  animals  which 
received  the  maximum  doses  (1600  i.u.)  shed  hundreds  of  eggs,  while  the  others  ex' 
pelled  much  fewer.  The  animals  which  were  injected  with  less  than  1000  i.u.  did  not 
react. 

Human  chorionic  gonadotropin  (from  urine  of  pregnancy).  Sixteen  frogs  injected 
with  human  chorionic  gonadotropin  derived  from  pregnancy  urine  and  standardised 
in  international  units'*  reacted  as  follows.  Those  having  received  less  than  100 
I.u.  of  the  substance  did  not  react  positively,  while  all  those  having  received  doses 
greater  than  100  i.u.  expelled  eggs  in  great  numbers.  The  frogs  received  dosages  in 
I.u.  as  follows;  5, 10, 25, 50, 100, 150, 200  and  250  units. 

This  experiment  was  repeated  with  another  commercial  type  of  human  chorionic 
gonadotropic  substance  standardised  in  rat  units.®  The  animals  to  which  were  ad¬ 
ministered  doses  of  100  R.U.,  and  more,  reacted  positively  while  those  injected  with 
smaller  doses  did  not  react  at  all. 

For  these  experiments  64  different  Xenopus  frogs  were  utilised.  In  all  instances 
the  larger  the  dose  of  gonadotropin,  the  greater  the  output  of  eggs. 

RESULTS 

From  the  data  compiled  in  table  i  it  will  be  seen  that  both  equine  and  human 
chorionic  gonadotropin  induced  extrusion  of  eggs  in  the  female  Xenopus.  However, 
the  luteinising  factor  was  far  more  efficacious  in  inducing  ova  deposition  and  in 
smaller  doses  of  the  extracts.  On  the  basis  of  the  finding  of  the  relatively  heavy  out¬ 
put  of  eggs  with  the  human  chorionic  gonadotropin  derived  from  pregnancy  urine 
(luteinising  factor  chiefly),  the  physiology  of  egg  extrusion  in  the  Xenopus  frog  may 
d(  pend  chiefly  on  the  equivalent  of  a  luteinising  factor, 

SUMMARY 

While  pregnant  mare  serum  induced  external  extrusion  of  eggs  in  the  Xenopus 
frog,  the  luteinising  factor  in  pregnancy  urine  caused  deposition  of  eggs  much  more 
actively  and  with  smaller  amounts  of  the  substance.  Egg  extrusion  in  the  female 
Xenopus  frog  test  for  pregnancy  is  probably  based  on  the  excess  of  the  luteinising 
factor  in  human  pregnancy  urine. 
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INFLUENCE  OF  ANTAGONISM  PHENOMENON  ON 
MAMMARY  GLAND  DEVELOPMENT' 


FRITZ  BISCHOFF  and  LOUISE  P.  INGRAHAM 
From  the  Chemical  Laboratory,  Santa  Barbara  Cottage  Hospital  Research  Institute 

SANTA  BARBARA,  CALIFORNIA 

CERTAIN  EXTRACTS  Containing  gonadotropic  substances  (i,  2,  3),  which  produce 
a  well'defined  gonadotropic  effect  under  certain  conditions  of  administration, 
will  under  other  conditions  of  administration  antagonize  the  influence  of  endog' 
enous  gonadotropins,  their  own  gonadotropic  influence,  or  the  influence  of  other 
gonadotropins.  This  ‘antagonism’  phenomenon  occurs  after  initial  administration  of 
the  extract.  On  the  other  hand,  the  gonadotropic  extracts,  administered  so  that  they 
will  produce  a  gonadotropic  effect  initially,  will,  on  long  continued  dosage,  fail  to 
maintain  the  gonadotropic  effect  and  will  produce  substances,  isolated  from  definite 
fractions  of  the  blood,  which  will  counteract  the  gonadotropic  effect  in  newly  treated 
animals.  This  effect  is  spoken  of  as  the  ‘antihormone’  phenomenon  (4).  It  is  unlikely 
that  the  antagonism  and  antihormone  phenomena  are  the  result  of  the  same  mecha' 
nism,  since  the  antibody'like  production  in  the  latter  requires  a  considerable  lapse  of 
time.  Work  in  this  laboratory  has  shown  that  the  antagonism  phenomenon  is  abolished 
when  gonadotropic  substances  are  slowly  absorbed  or  given  in  divided  dosage  (2,  3). 
The  antagonism  phenomenon  depends  upon  the  action  of  a  sudden  large  dose  of 
hormone.  Stimulation  by  gonadotropins  depends  upon  the  sustained  level  of  hormone 
acting  at  a  moderate  level  (5). 

No  information  is  available  concerning  the  influence  of  the  antagonism  phenome' 
non  on  mammary  gland  development  and,  hence,  breast  tumor  formation.  Experiments 
have  been  performed  in  which  the  influence  of  gonadotropin  administration  upon 
formation  of  breast  tumors  has  been  ascertained  (6,  7,  8)  and  in  the  course  of  the  eX' 
periments  both  the  antagonism  and  antihormone  phenomena  may  have  occurred.  It  is 
the  purpose  of  this  report  to  describe  the  changes  occurring  in  the  mammary  gland 
of  the  Marsh'Buffalo  mouse  subjected  to  the  antagonism  phenomenon.  The  present 
experiments  were  so  designed,  as  to  level  of  hormone  administered  and  as  to  schedule 
of  dosage,  that  they  might  be  used  to  ascertain  the  extent  of  alveolar  development 
which  was  attained  in  the  earlier  experiments  (7)  in  which  sheep  gonadotropin  was 
administered  intraperitoneally  to  Marsh'Buffalo  mice.  The  extent  of  alveolar  develop' 
ment  produced  by  the  subcutaneous  administration  of  the  insoluble  hcarmone  was 
known  and  serves  as  a  basis  of  comparison. 

MATERIAL  AND  METHODS 

Sheep  pituitary  powder,  which  had  been  prepared  by  acetone  treatment  of 
pituitary  glands  with  subsequent  fractionation  in  water  and  alcohol,  was  used.  Two 
mg.  of  this  powder,  augmented  with  copper,  produced  ovaries  weighing  88  mg.  in 
22'day'old  rats  (control  ovaries,  12  mg.).  One  hundred  mg.  of  this  powder  was  dis' 
solved  in  10  cc.  of  isotonic  saline  solution.  Five  cc.  of  this  solution  was  diluted  to  14 

Received  for  publication  June  15, 1941. 

‘  This  investigation  was  aided  by  a  grant  from  the  International  Cancer  Research  Foundation. 
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cc.  volume.  The  more  dilute  solution  served  for  injection  of  the  powder  in  soluble 
form.  To  another  5  cc.  of  the  more  concentrated  solution  was  added  12.5  mg.  of  zinc 
as  zinc  sulfate.  The  pn  was  made  8.5  with  n/  10  sodium  hydroxide.  The  final  volume 
was  also  14  cc.  This  solution  served  for  injection  of  the  powder  in  insoluble  form. 
Virgin  female  Marsh'Buffalo  mice,  120  days  of  age,  were  segregated  in  groups  of  8. 
One  group  served  as  a  control,  another  received  the  soluble  form  of  hormone  sub' 
cutaneously,  a  third  group  received  the  soluble  form  intraperitoneally,  and  a  fourth 
group  received  the  insoluble  form  subcutaneously.  The  mice  were  injected  once  daily 
for  10  days,  and  received  in  all  4.5  mg.  of  hormone  per  mouse.  They  were  autopsied 
the  nth  day  after  initial  dosage.  Ovaries  and  uteri  were  weighed  separately  and  whole 
mounts  prepared  of  the  mammary  gland  of  each  lower  mammary  gland  arc.  For  the 


Table  1.  Influence  of  rapid  and  delayed  resorption  of  sheep  pituitary  gonadotropic  hormone 

ON  OVARIAN,  UTERINE  AND  MAMMARY  GLAND  DEVELOPMENT  IN  THE  ADULT  MOUSE 


Treatment  and 

Injection  Route 

Mean 

Body 

Weight 

Mean 

Ovarian 

Weight 

Mean 

Uterine 

Weight 

Mean  Alveolar 
Development  of 
Mammary  Gland, 
0,  r,  2,  3.  4.  5 
Classification 

gm. 

mg. 

mg. 

Control 

22.8±0.6 

ii.jio.Q 

1I4±I7 

i.6±o.y 

Soluble  hormone,  subcutaneous 

24.i±o.6 

i6.8±i.2 

86±  4 

2.4±o.5 

Soluble  hormone,  intraperitoneal 

22.8±0.6 

I4.4±0-9 

101  ±12 

2.2+0. 5 

Insoluble  hormone,  subcutaneous 

24.4±o.6 

24.i±i.4 

8o±  5 

4.6±o.03 

purposes  of  gauging  alveolar  development,  the  following  classification  was  used:  0, 
terminal  buds  only;  i,  sparse  lateral  alyolar  development;  2,  moderate  lateral  alveolar 
development,  small  acini;  3,  moderate  lateral  alveolar  development,  large  acini;  4. 
extensive  lateral  alveolar  development;  5,  very  marked  lateral  alveolar  development. 
A  summary  of  the  data  is  given  in  the  accompanying  table. 

It  will  be  noted  that  the  insoluble  hormone  produced  no  per  cent  ovarian  hyper' 
trophy  and  marked  alveolar  development  of  the  mammary  gland.  The  soluble  hormone 
given  subcutaneously,  produced  50  per  cent  ovarian  hypertrophy  and  slight  increase 
in  alveolar  development.  The  soluble  hormone,  given  intraperitoneally,  produced  30 
per  cent  ovarian  hypertrophy  and  slight  increase  in  alveolar  development.  The  in' 
crease  in  alveolar  development  observed  in  the  mice  which  received  the  hormone  in 
soluble  form  was  not  significant.  Uterine  weight  was  decreased  for  the  series  which 
received  the  insoluble  hormone  and  the  soluble  hormone  as  a  subcutaneous  injection. 
The  latter  observation  is  particularly  interesting,  since  uterine  atrophy  might  not  be 
expected  to  accompany  mammary  gland  hypertrophy.  Increase  in  ovarian  weight  was 
accounted  for  solely  by  increase  in  luteinization.  Cystic  follicles  were  absent. 

DISCUSSION 

These  experiments  show  that  in  the  adult  female  mouse,  as  has  been  previously 
shown  for  the  immature  female  mouse  (2),  and  for  both  the  immature  and  adult  rat 
(5,  9),  ovarian  response  to  administration  of  sheep  gonadotropin  is  largely  dependent 
upon  the  rate  of  absorption  of  hormone.  The  intraperitoneal  injection  route,  leading 
to  rapid  absorption,  produces  the  least  effect;  the  subcutaneous  administration  of  the 
insoluble  hormone,  leading  to  slow  absorption,  produces  the  greatest  influence.  Mam' 
mary  gland  development,  as  shown  by  the  present  experiments,  parallels  roughly  the 
degree  of  ovarian  hypertrophy.  On  the  basis  of  Mixner  and  Turner’s  conception  of 
mammary  lobule'alveolar  growth,  pronounced  ovarian  hypertrophy  in  our  experi' 
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ments  was  accompanied  by  increased  estrin  and  progesterone  secretion,  in  the  amounts 
required  to  stimulate  the  mammogenic  hcomones  of  the  pituitary.  The  failure  to 
produce  marked  ovarian  hypertrophy  was  accompanied  by  failure  to  stimulate  the 
ovaries  to  increased  hormone  production.  Our  experiments  did  not  demonstrate 
antagonism,  as  measured  by  atrophy  of  the  ovaries,  to  the  action  of  endogenous 
pituitary  hormone  by  the  rapid  Uberation  of  exogenous  hormone  in  the  organism.  The 
exogenous  hormone  merely  antagonized  its  own  gonadotropic  action  (2,  3). 

The  results  of  the  present  experiments  would  indicate  that  the  injection  of  soluble 
pituitary  extracts  into  cancer  susceptible  mice  by  Cramer  and  Homing,  and  by 
Bischoff  et  al.  (7,  8),  led  to  a  negligible  degree  of  breast  stimulation  when  first  admin- 
istered.  The  production  of  antihormones  on  continued  dosage  in  these  experiments 
and  the  influence  upon  tumor  development  is  discussed  in  another  paper  (7). 

SUMMARY 

Injection  of  sheep  pituitary  gonadotropin  into  mature  mice  under  conditions  de¬ 
signed  to  produce  rapid,  moderately  delayed  or  delayed  absorption,  produced  a  degree 
of  ovarian  hypertrophy  proportionate  to  the  delay  in  absorption.  Rapid  absorption  of 
the  hormone  produced  no  significant  alveolar  development  of  the  mammary  gland; 
delayed  absorption  produced  marked  alveolar  development  of  the  mammary  gland. 
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ADMINISTRATION  OF  GONADOTROPINS  AT  THE  EARLY  CANCER  AGE  TO 
MARSH'BUFFALO  MICE 

FRITZ  BISCHOFF.  J.  JEROME  RUPP  and  GEORGENA  J.  CLARKE 

Prom  the  Chemical  Laboratory,  Santa  Barbara 
Cottage  Hospital  Research  Institute 

SANTA  BARBARA,  CALIFORNIA 

The  administration  of  the  three  gonadotropins  (i,  2),  prolan,  pregnant  mare 
serum,  and  sheep  pituitary,  at  regular  intervals  over  a  year’s  time  either  has 
produced  no  effect  upon  the  incidence  of  breast  tumors  of  mice  of  the  Marsh' 
Buffalo  strain  or  has  markedly  decreased  the  incidence.  All  three^  gonadotropins  prO' 
duced  an  acinar  development  of  the  mammary  glandular  tissue  in  the  young  mice, 
when  first  administered,  comparable  to  the  development  which  is  normally  attained 
at  the  age  of  a  year  or  later.  However,  the  hormones  acting  through  a  period  of  a  year 
did  not  produce  glandular  development  to  a  degree  greater  than  was  found  in  the 
untreated  litter  mates.  TTiese  experiments  established  that  the  early  stimulation  to 
glandular  development  of  the  breast  and  ovaries  did  not  produce  early  development 
of  cancer.  The  cancerous  process  was,  therefore,  not  the  result  of  a  mutation  con' 
nected  with  this  early  stimulation.  The  marked  decrease  in  cancer  incidence,  when  it 
occurred,  might  be  related  to  the  cessation  of  the  normal  rhythm  of  the  breast  stimu' 
lation  due  to  the  formation  of  antihormones  to  both  the  exogenous  and  endogenous 
gonadotropins,  or,  it  might  be  related  to  an  actual  change  in  the  nature  of  the  endogen' 
ous  ovarian  hormones. 

In  the  present  report  the  endocrine  system  of  the  female  Marsh'Buffalo  mouse  has 
been  permitted  to  develop  normally  up  to  the  time  when  breast  cancers  first  appeared, 
at  which  time  the  gonadotropins  were  administered  so  as  to  produce  marked  develop' 
ment  of  the  ovaries  and  breast.  Only  three  series  of  dosages  were  administered  and 
histologic  studies  on  a  series  of  mice  were  made  to  correlate  the  degree  of  glandular 
development  with  the  span  of  administration  of  the  hormones. 

EXPERIMENTAL  PROCEDURE 

The  Marsh'Buffalo  mice  were  divided  into  5  experimental  groups  after  weaning, 
no  group  containing  more  than  1  mouse  from  a  single  litter.  This  precaution  was 
taken  since  it  has  been  shown  that  in  rats  of  a  homogenous  strain  there  is  a  high  degree 
of  correlation  between  gonadotropic  response  in  litter  mates  (3).  Whether  or  not  this 
correlation  exists  in  mice  is  not  known.  Two  experimental  groups  served  as  controls. 
The  first  tumors  of  the  mammary  gland  appeared  at  the  age  of  7  months  and  at  that 

Received  for  publication  June  15,  194a. 

*  This  investigation  was  aided  by  a  grant  from  the  International  Cancer  Research  Foundation. 

*  This  statement  applies  to  the  sheep  gonadotropin  when  given  as  the  insoluble  zinc  complex  to  de* 
lay  absorption.  What  happened  when  the  soluble  form  was  given  intraperitoneally,  which  results  in 
rapid  absorption  and  evokes  the  'antagonism'  phenomenon,  is  the  subject  of  another  study. 
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time,  one  experimental  group  received  injections  of  purified  mare  serum  hormone  and 
another  group  received  injections  of  sheep  pituitary  gonadotropic  hormone.  These 
series  of  injections  were  repeated  twice  at  monthly  intervals.  The  mice  in  the  fifth 
experimental  group  were  killed  and  tissues  prepared  for  histologic  study  after  various 
intervals  of  dosage  with  the  gonadotropins.  Ovarian  and  uterine  weights  were  ascer' 
tained  and  whole  mounts  were  prepared  of  the  right  lower  mammary  arc.  The  mounts 
were  examined  by  the  histologist  Q.  J.  R.)  who  classified  the  degree  of  development 
as  to  number  of  ducts,  width  of  ducts,  and  number  of  buds  and  alveoli. 

Data  of  organ  weights  and  findings  for  degree  of  mammary  gland  developments 
are  given  in  table  i.  Four  or  5  mice  were  used  to  ascertain  the  mean  for  each  figure 
given  in  table  i. 

The  pregnant  mare  serum  hormone*  was  administered  at  3'day  intervals  over  a  9- 


Table  i.  Influence  of  a  single  and  of  repeated  series  of  gonadotropin  administration  upon 

OVARIAN  AND  UTERINE  WEIGHTS  AND  UPON  MAMMARY  GLAND  DEVELOPMENT  IN  ADULT 
FEMALE  MARSH^'BUFFALO  MICE 


Hormone 

Administered 

Dosage  Schedule  Per  Mouse 

Average 

Ovarian 

Weight 

Average 
Uterine 
■  Weight 

Histology  of  Mammary 
Gland,  Average  of  0,  i, 
2,  3,  or  4  Classification 

Age  of  mice 
in  months 

Amount  hormone 
administered 

r  Width  No.  of 
of  buds  or 
ducta  alveoli 

wig. 

wig. 

Control 

7.5to  8.0 

10 

92 

2.5  1.5  1.7 

Mare  serum 

7.?to  8.0 

75-100  C.'S.u. 

3a 

96 

2.0  2.2  3.5 

Mare  serum 

7.5  to  8.0 

100  C.'S.u. 

S.^to  9.0 

100  C.'S.u. 

22 

98 

3-7  3-3  3-3 

Mare  serum 

7.5to  8.0 

100  C.'S.u. 

8.5to  9.0 

100  C.'S.u. 

9. 5  to  10. 0 

100  C.'S.u. 

19 

30  3.0  3.5 

Sheep  pituitary 

7.5;to  8.0 

2  to  4  mg.,  powder 

21 

98 

3.5  2.3  3.7 

Sheep  pituitary 

7.5to  8.0 

4  mg.,  powder 

8.5to  9.0 

4  mg.,  powder 

8 

84 

1.7  1.5  i.o 

day  period,  so  that  each  mouse  received  100  Cole^Saunders  units  of  mare  serum  hor- 
mone  in  this  period.  In  the  series  of  mice  which  were  reserved  for  observation  as  to 
tumor  development  each  mouse,  therefore,  received  a  total  of  300  C.'S.  u.  of  pregnant 
mare  serum. 

The  sheep  pituitary  powder  was  prepared  in  this  laboratory  from  sheep  pituitary 
glands  defatted  with  acetone.  The  fraction  soluble  in  dilute  NaHCOs  solution  was 
subjected  to  fractionation  at  a  concentration  of  78  per  cent  ethanol.  The  fraction  in- 
soluble  in  78  per  cent  ethanol  was  air 'dried.  Eighty  mg.  o{  powder  was  dissolved 
in  saline  (.9  per  cent  NaCl),  20  mg.  of  rinc  as  rinc  sulfate  was  added  and  the  pn  made 
8.5.  The  final  volume  was  20  cc.  Each  mouse  received  a  total  of  4  mg.  of  pituitary 
powder  over  a  lO'day  period,  administered  in  10  divided  doses.  Each  mouse  of  the 
.  series  which  served  for  observation  as  to  tumor  development,  therefore,  received  12 
mg.  of  this  powder. 

It  WM  originally  planned  to  follow  the  course  of  appearance  of  tumors  through 

•  The  pregnant  mare  serum  hormone  (Gonadin)  was  supplied  by  the  Cutter  Laboratories,  Berkeley, 
Calif. 
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the  age  of  18  months,  at  which  time  70  to  80  per  cent  of  Marsh'Buffalo  mice  in  our 
laboratory  develop  cancer  of  the  mammary  gland.  At  the  age  of  13  months,  however, 
a  number  of  mice  in  the  pituitary-treated  and  in  one  control  group  developed  an  in- 
fection  of  the  respiratory  tract.  Most  of  these  mice  lived  to  a  later  date.  Histologic 
examination  of  the  lung  tissue  revealed  broncho-pneumonia.  Since  the  effect  of  this 
condition  upon  the  development  of  tumors  was  not  known,  data  are  presented  for 
analysis  to  the  age  at  which  the  infection  developed.  We  have  presented  evidence  (4) 
which  indicates  that  tumor  development  in  the  Marsh-Buffalo  mouse  is  influenced 
by  the  general  well-being  of  the  animal,  so  this  factor  may  be  of  the  greatest  impor¬ 
tance.  Statistical  analysis  of  the  data  obtained  for  the  series  receiving  mare  serum  indi¬ 
cates  that  observation  beyond  the  age  of  13  months  would  not  have  yielded  significant 
information.  In  the  series  which  received  the  pituitary  hormone,  a  significant  differ¬ 
ence  is  not  probable  at  a  later  date  since  tumor  incidence  the  14th  month  (figures  in 
parenthesis)  was  normal.  It  is  not  planned  to  repeat  this  phase  of  the  research. 


RESULTS 

The  administration  of  the  sheep  pituitary  hormone  in  insoluble  form  over  a  10- 
day  period  produced  an  increase  of  more  than  100  per  cent  in  ovarian  weight  and  a 


Table  a.  Cumulative  incidence  in  percentage  of  adenocarcinoma  of  the  breast 


Age  in 
Months 

Control 

Pituitary 

Treated, 

30  Mice 

Mare  Serum 
Treated, 

35  Mice 

27  mice 

43  extra 

7 

4±  4 

0 

3±3 

0 

8 

4±  4 

.  0 

6±4 

0 

9 

4±  4 

ia±5 

6±4 

3±3 

10 

ii±  6 

i4±5 

I3±6 

ao±7 

It 

i5±  7 

23±6 

a3±7 

3a±8 

12 

34±  9 

30±7 

23±7 

34±8 

13 

41  ±10 

3y±7 

3o±8 

43±8 

M 

(4?±to) 

44±8 

(40±9) 

49±9 

marked  alveolar  development  of  the  mammary  gland.  A  repetition  of  the  hormone 
administration  after  the  lapse  of  a  month  produced  ovaries  weighing  less  than  those 
of  the  controls  and  alveolar  development  less  than  that  of  the  controls.  Only  one  se¬ 
ries  of  injections  of  the  pituitary  hormone  had  evoked  the  antihormone  effect  to  a 
marked  degree. 

The  administration  of  the  pregnant  mare  serum  hormone  produced  an  increase  of 
more  than  200  per  cent  in  ovarian  weight  and  marked  alveolar  development  in  the 
first  series  of  injections.  A  repetition  of  administration  of  this  hormone,  while  it  did 
not  maintain  ovarian  weight  at  the  high  level  which  resulted  after  the  first  series  of 
injections,  nevertheless  held  the  ovarian  weight  100  per  cent  over  that  of  the  controls 
and  maintained  the  alveolar  development  of  the  mammary  glands  which  had  been 
produced  by  the  first  series  of  injections  of  pregnant  mare  serum.  There  was,  there¬ 
fore,  no  evidence  of  a  marked  antihormone  effect. 

In  the  present  experiments,  the  incidence  of  lymphoid  tumors  was  6  per  cent,  or 
lower,  for  any  of  the  experimental  groups  and  need  not  be  considered  in  analysis  of 
the  tumor  data.  One  mouse  in  the  series  receiving  pituitary  hormone,  2  in  the  mare 
serum  series,  and  i  in  one  control  series  developed  a  lymphoid  tumor  during  the 
course  of  the  experiment. 

The  cumulative  incidence  of  breast  tumors  in  the  two  control  series  are  in  excel- 
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lent  agreement  with  each  other  (table  2)  and  with  other  data  reported  from  this  labo- 
ratory  (2, 4)  and  originally  reported  by  Marsh  (5). 

The  incidence  of  breast  tumors  in  the  series  which  received  the  pituitary  hor- 
mone  is  somewhat  lower  than  that  in  the ’control  series,  but  the  difference  is  not 
significant.  The  incidence  of  breast  tumors  in  the  series  which  received  the  mare 
serum  hormone  is  somewhat  higher  than  that  in  the  control  series.  Here  again  the  dif¬ 
ference  is  not  significant.  Since  it  was  possible  to  compare  litter  mates,  tumor  data 
were  analyzed  by  comparison  in  litter  mates  of  the  date  of  tumor  appearance.  Such  a 
comparison  revealed  that  the  tumors  in  the  mice  which  received  mare  serum  ap¬ 
peared  0.8  month  earlier  than  those  of  the  controls,  the  standard  deviation  of  the 
mean  being  0.45.  In  the  case  of  the  series  which  received  the  pituitary  hormone  an 
average  delay  of  0.9  month  was  revealed  by  a  similar  analysis  of  the  data,  but  the 
standard  deviation  of  the  mean  was  equal  to  the  difference. 

DISCUSSION 

The  results  of  the  experiment  with  mare  serum  may  be  summarized  as  follows. 
Marked  ovarian  stimulation  with  marked  alveolar  development  of  the  breast,  initiated 
at  the  age  of  7  months  (the  early  cancer  age)  and  continued  through  a  j-month  period 
failed  to  alter  appreciably  the  course  of  tumor  development.  The  results  of  the  pitui¬ 
tary  hormone  experiment  may  be  summarized  as  follows.  Marked  ovarian  stimulation 
with  marked  alveolar  development  of  the  breast  initiated  at  the  same  period,  but  fol¬ 
lowed  by  a  2'month  period  of  induced  atrophy  of  the  ovaries  and  mammary  glands, 
also  failed  to  alter  appreciably  the  course  of  tumor  development. 

The  significance  of  these  results  is  rot  apparent  unless  they  are  considered  in  the 
light  of  earlier  experiments.  In  these  early  experiments  (2)  information  as  to  the  time 
at  which  antihormone  responses  to  the  pituitary  powder  were  produced  was  not  ac¬ 
curately  ascertained.  That  antihormone  action  had  taken  place  was  suggested  by  the 
ovarian  atrophy  existing  at  the  age  of  15  months,  which  period  was  2  months  after 
the  last  administration  of  hormone.  The  results  of  the  present  experiment  would  indi¬ 
cate  that  in  the  course  of  pituitary  hormone  administration  in  the  early  experiment  a 
state  of  ovarian  and  mammary  gland  atrophy  had  existed  for  a  period  of  ii  months. 
This  state,  equivalent  to  a  functional  castration,  would  account  for  the  marked  de¬ 
crease  in  tumor  incidence  observed.  The  state  was,  however,  not  permanently  in¬ 
duced  as  indicated  by  the  histology  of  the  mammary  gland  2  months  after  the  last 
injection.  The  data  for  the  mare  serum  experiments  show  that  the  glandular  develop¬ 
ment  of  the  mammary  gland  was  maintained  above  that  of  the  controls  for  a  considera¬ 
ble  span  of  hfe.  Maintenance  of  increased  alveolar  development  did  not  interfere 
with  the  marked  inhibition  which  resulted  in  the  development  of  cancer.  This  state¬ 
ment  might  appear  paradoxical  as  maintenance  of  alveolar  development  also  occurs  in 
pregnancy  and  pregnancy  in  the  Marsh-Buffalo  strain,  according  to  Marsh  (5),  mark¬ 
edly  increases  the  rate  of  cancer  appearance.  In  this  analogy  there  is  another  paradox 
in  that  the  output  of  endogenous  pituitary  hormone  decreases  during  pregnancy, 
while  in  nonpregnant  animals  exogenous  gonadotropins  areTequired  to  produce  a 
condition  resembling  the  picture  of  the  mammary  gland  in  pregnancy  (6).  Correlation 
of  cancer  development  with  extent  of  alveolar  development  is  definitely  ruled  out  by 
these  observations.  Another  factor,  possibly  the  nature  of  the  ovarian  secretion, 
comes  into  play. 

A  summation  of  our  results  to  date  would  support  the  contention  of  Lacassagne 
(7)  that  the  adenocarcinoma  of  the  breast  can  occur  only  in  a  gland  which  has  under¬ 
gone  a  dfrtain  degree  of  development.  In  our  experiments,  however,  extensive  or 
prolonged  stimulation  of  ductal  and  alveolar  development  through  exogenous  gonado- 
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tropins  has  failed  to  enhance  carcinogenesis,  whether  this  stimulation  occurred  at 
adolescence,  at  an  early  cancer  age,  or  throughout  the  greater  portion  of  the  life  span. 

SUMMARY 

In  virgin  female  mice  of  the  Marsh'Buffalo  strain,  the  administration  of  100  Cole- 
Saunders  units  of  pregnant  mare  serum  hormone  per  mouse,  initiated  at  the  age  of  7 
months  (the  early  cancer  age)  and  repeated  through  a  j-month  period  produced 
marked  ovarian  stimulation  with  marked  alveolar  development  of  the  breast,  but 
failed  to  alter  appreciably  the  course  of  appearance  of  tumors  of  the  mammary  gland. 

Administration  of  12  mg.  per  mouse  of  sheep  pituitary  gonadotropic  hormone  at 
the  same  age  and  over  the  same  period  produced  marked  ovarian  stimulation  with 
marked  alveolar  development  of  the  mammary  gland  after  the  6rst  series  of  injections, 
followed  by  a  a^month  period  of  induced  atrophy  of  the  ovaries  and  mammary  glands. 
The  course  of  the  development  of  tumors  of  the  mammary  gbnd  was  not  appreciably 
altered. 

Acknowledgment  is  made  to  M.  Louisa  Long  and  Arthur  Blanchard  for  technical  assistance. 

REFERENCES 

1.  Bischoff,  F.,  and  M.  L.  Long:  Endocrinology  23:  327. 1938. 

2.  Bischoff,  F.,  M.  L.  Long,  J.  J.  R,upp  and  G.  J.  Clarke:  Endocrinology  28: 769.  1941. 

3.  Bischoff,  F.:  Am.  J.  Physiol.  121:  765.  1938. 

4.  Bischoff,  F.,  M.  L.  Long,  J.  J.  Rupp  and  G.  J.  Clarke:  Cancer  Research  2:  j2.  1942. 

5.  Marsh,  M.  C.:  J.  Cancer  Research  13:  313.  1929. 

6.  Astwood,  E.  B.,  and  C.  F.  Geschickter:  Arch.  Surg.  36:  672.  1938. 

7.  Lacassagne,  a.:  Am.  J.  Cancer  37:  414.  1939. 


LACTOGENIC  HORMONE  CONTENT  OF  ANTERIOR 
PITUITARY  GLAND  OF  ALBINO  MOUSE  AS  COMPARED 
TO  OTHER  SPECIES‘  2 

VICTOR  HURST  and  C.  W.  TURNER 
From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURI 

The  trend  of  recent  research  has  more  and  more  emphasized  the  pituitary  gland 
as  the  integrator  of  mammary  physiology  (i).  Evidence  has  been  accumulating 
that  the  lactogenic  hormone  is  associated  with  the  initiation  and  maintenance 
of  milk  secretion  and  an  extensive  series  of  studies  has  been  carried  out  to  demon- 
strate  this  association  in  numerous  mammals.  The  amount  of  lactogenic  hormone 
present  in  the  pituitary  gland  has  been  suggested  as  an  index  of  the  amount  of  hor¬ 
mone  being  secreted  into  the  blood  for  the  stimulation  of  milk  synthesis.  The  rapid 
increase  in  lactogen  in  the  anterior  pituitary  gland  post  partum,  as  intense  lactation  is 
initiated,  is  indicative  of  this  relationship.  Further  support  has  been  given  this  con¬ 
tention  by  the  work  of  Meites  and  Turner  (a)  who  have  shown  that  injected  estrone 
increases  the  amount  of  lactogen  in  the  rabbit  pituitary  and  simultaneously  the 
amount  of  lactogen  in  the  blood. 

The  lactogen  content  of  the  pituitary  gland  has  been  determined  for  the  normal, 
pregnant  (3),  and  lactating  rat  (3,  4,  5)  and  for  the  normal  (6),  pregnant  (7),  and  lac- 
tating  guinea  pig  (7,  8).  Other  species  reported  include  the  normal  (6),  pregnant  (7), 
and  lactating  rabbit  (7, 9, 10),  the  goat  (ii),  and  beef  and  dairy  cattle  (3). 

Reece  and  Turner  (3)  assayed  the  pituitary  glands  of  virgin  female  mice  averaging 
19  gm.  in  body  weight  and  found  them  to  contain  an  average  of  .07  i.u.  of  lactogen 
per  100  gm.  of  body  weight.  LeBlond  and  Noble  (la)  implanted  male  and  female 
mouse  pituitary  glands  over  the  crop  glands  of  pigeons  and  observed  glandular  pro- 
hferation. 

Inasmuch  as  the  mouse  is  widely  used  as  an  experimental  animal,  it  was  thought 
that  it  would  be  of  value  to  expand  our  previous  knowledge  of  the  mouse  pituitary 
lactogenic  hormone.  Accordingly,  a  study  was  initiated  to  determine  the  normal 
pituitary  lactogen  concentration  in  the  two  sexes  as  well  as  during  pregnancy  and 
lactation  in  the  female.  The  effects  of  castration  and  thyroxin  injections  in  the  female 
were  observed  also. 

EXPERIMENTAL  PROCEDURE 

Pregnant  animals  were  killed  on  the  loth,  15th  and  19th  days  of  gestation  and 
lactating  animals  were  killed  2,  5, 10, 15,  and  21  days  post  partum.  In  order  to  stand¬ 
ardize  the  suckling  influence,  those  animals  which  were  nursing  young  had  their  lit¬ 
ters  removed  15  hours  prior  to  death. 

Mice  were  ovariectomized  2  months  prior  to  their  autopsy  for  assay  and  thyroxin- 
injected  animals  were  killed  on  the  day  following  the  last  injection. 

Received  for  publication  June  24,  1942. 
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For  our  assay  of  the  lactogenic  hormone,  pituitary  glands  were  macerated,  sus' 
pended  in  distilled  water,  and  injected  in  a  constant  volume  intradermally  over  the 
crop  glands  of  common  pigeons  weighing  260  to  340  gm.  Glands  were  assayed  by  the 
minimum-micro  technique  first  described  by  Lyons  and  Page  (13)  and  further  de¬ 
veloped  in  these  laboratories,  which  calls  for  a  minimum  crop  proliferation  in  50 ±  ii 
per  cent  of  20  birds  (14). 

RESULTS 

In  the  virgin  female  mouse  the  lactogen  content  of  the  pituitary  remains  relatively 
low.  With  17-gm.  animals  it  averages  .05  i.u.  per  100  gm.  of  body  weight;  in  19-gm. 
animals,  .07  i.u.  (3),  and  in  2i-gin.  animals,  .09  i.u.  (table  i).  By  the  loth  day  of  preg¬ 
nancy  there  was  observed  an  increase  of  88  per  cent  in  pituitary  lactogen  per  100  gm. 


Table  i.  Lactogenic  hormone  content  of  mouse  pituitary  glands 


Condition 

No.  of 
Pitui- 

Ave. 

Body 

Ave. 

Pitui- 

Units  per 
PituitsJTr* 

Units  per 
mg.  Tissue* 

Units  per  100 
gm.  Body  Wt. 

Relative 
Potency 
of  Pitui¬ 
taries,  per 
100  gm. 
Body  Wt., 
% 

tary 

Glands 

Weight, 

gm. 

Weight, 

mg. 

Mini' 

mum 

micro 

I.U. 

Mini' 

mum 

micro 

I.U. 

Mini' 

mum 

micro 

I.u. 

Normal  males 

48 

18.5 

1.85 

1.9 

.012 

1.00 

.006 

6.50 

.041 

-  54 

Virgin  females 

30 

16.6 

0.97 

t-4 

.009 

1.40 

.009 

8.43 

•  053 

-  40 

Virgin  females 

30 

ai.3 

1.80 

30 

.019 

1.^ 

.010 

14.08 

.088 

1 

Castrate  females 

4 

18.6 

1.76 

2.9 

.018 

1.65 

.010 

15-59 

.097 

+  11 

Thyroxin-injected 
females,  1.5  mg. 

in  15  days 

19 

18.1 

1.64 

2.7 

.017 

1.65 

.010 

14.9a 

•093 

+  6 

Thyroxin-injected 
females,  1.6  mg. 

in  107  days 

4 

a3-7 

2.21 

3-7 

.02J 

1.67 

.010 

15.61 

.098 

-f  11 

10-day  preg. 

9 

26.5* 

2. 10 

7.0 

.044 

3-33 

.021 

26.42 

.165 

+  88 

ly-day  preg. 

13 

a6.^ 

2.  10 

7.0 

.044 

3-33 

.021 

26.00 

.163 

+  85 

19-day  preg. 
a-day  lactating 

12 

18.1* 

2. 10 

7.0 

.044 

3-33 

.021 

a4-90 

.156 

+  77 

8 

25.2 

1.95 

9.8 

.061 

5.00 

.031 

38.88 

•a43 

+  176 

f-day  lactating 

11 

17-5 

a- 33 

11.7 

•073 

5.00 

.031 

4a.  36 

.265 

-i-201 

lo-day  lactating 

9 

a6.  j 

1.96 

6.5 

.041 

3- 3a 

.021 

a4-7* 

.154 

+  75 

15-day  lactating 

15 

16.6 

1.79 

4-? 

.028 

a.  51 

.016 

16.92 

.106 

+  20 

11-day  lactating 

12 

15.8 

1.98 

5.0 

.031 

2.02 

.013 

*9-37 

.  121 

+  38 

*  International  Unit=  160  minimum-micro  units,  Meites  et  al..  Endocrinology  28;  707  (1941). 

*  Body  weight  minus  fetal  weight. 


of  body  weight  with  the  lactogen  content  per  mg.  of  tissue  remaining  remarkably 
constant  during  the  remainder  of  gestation.  Following  parturition  there  was  an  ad¬ 
ditional  increase  of  63  per  cent  in  pituitary  lactogen  per  100  gm.  of  body  weight  by  the 
5th  day  post  partum.  This  rise  represents  a  201  per  cent  increase  of  pituitary  lactogen 
per  100  gm.  of  body  weight  over  the  content  of  the  pituitary  of  the  21-gm.  virgin  fe¬ 
male  mouse.  This  high  lactogen  level  was  not  maintained  for  a  long  period,  however, 
since  by  the  loth  day  post  partum  the  lactogen  content  of  the  pituitary  had  fallen 
to  58  per  cent  of  the  5th-day  level,  and  by  the  15th  day  to  40  per  cent  of  the  5th-day 
level.  On  the  21st  day  of  lactation,  nevertheless,  the  level  of  lactogen  was  still  38  per 
cent  above  the  normal  female  level  per  100  gm.  of  body  weight. 

Normal  male  mice  contained  the  smallest  amount  of  lactogen  in  their  pituitaries, 
.04  I.u.  per  100  gm.  of  body  weight,  or  54  per  cent  below  the  level  for  21-gm.  virgin 
females.  Neither  castration  nor  thyroxin  injections  alone  appeared  to  affect  the  lacto- 
gem’c  hormone  content  of  the  anterior  pituitary  gland  of  females. 
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Table  2.  Assay  op  mouse  pituitary  glands  for  lactogenic  hormone 
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Condition 

Lot 

Number 

Number  of 
Pituitaries 

Dosage, 

mg./bird 

Response 

Percentage 
Response  at 
Assay  Level 

lO'Days  pregnant 

92 

9 

0.6 

8+,2- 

0.4 

7+.  5- 

0.5 

4+.  6- 

0.5 

4+.  5- 

42 

1 5 'Days  pregnant 

125 

f 

0.5 

5+.  •>- 

0.5 

4+.  6- 

124 

8 

0.5 

6+,4- 

50 

19'Days  pregnant 

100 

1 

0.2 

6+.  4- 

no 

1 

0.2 

5+.  7- 

112 

J 

0.2 

i+.  9- 

0.5 

5+,7- 

121A 

4 

0.5 

6+.  4- 

122 

5 

0.5 

4+.  6- 

0.5 

6+.  4- 

48 

a'Days  lactating 

67 

8 

0.2 

5- 

0.2 

i+,8- 

0.2 

6+,  4- 

0.2 

5+.4- 

45 

j'Days  lactating 

68 

8 

0.5 

6+.4- 

0.5 

84"»  i — 

0. 1 

a+.  8- 

0.2 

4+.6- 

0.2 

4+.6- 

88 

5 

0.2 

5+.  5- 

45 

lO'Days  lactating 

*7 

5 

0.2 

5+.7- 

0.4 

7+.  5- 

19 

2 

0.5 

6+,4- 

28 

5 

0.5 

?+.5- 

9t 

4 

0.5 

6+.  4- 

57 

i5'Day8  lactating 

22 

5 

0.2 

2+.  8- 

0.4 

5+.5- 

55 

2 

0.5 

5+.  7- 

14 

5 

0.4 

7+.  5- 

a? 

6 

0.4 

5+.  5- 

89 

4 

0.4 

4+.6- 

55 

21 'Days  lactating 

29 

4 

0.5 

4+.6- 

76 

9 

o.’i 

8+.  I- 

0.4 

6+.4- 

0.4 

4”i',  6— 

111 

5 

0.4 

4+.  6- 

47 

To  indicate  the  sensitivity  of  the  minimum'micro  assay  technique,  the  actual 
results  of  each  level  of  dosage  tried  in  pregnant  and  lactatin'g  animals  are  presented 
(table  2),  In  some  cases  different  groups  of  animals  in  the  same  physiological  condition 
were  assayed  at  the  unit  level  in  order  to  determine  the  repeatability.  It  appears  that 
once  the  assay  level  has  been  determined  for  a  given  physiological  condition  it  can 
be  repeated  quite  consistently  with  the  same  and  with  other  groups  of  pituitary 
glands. 

^  DISCUSSION 

The  general  trend  of  lactogen  content  of  the  anterior  pituitary  gland  of  the  rat, 
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guinea  pig,  and  rabbit  is  for  it  to  remain  low  during  pregnancy  and  then  to  increase 
from  two  to  four^fold  shortly  following  parturition.  Soon  after  the  rise  in  lactogen 
following  parturition  there  is  a  sharp  drop.  This  is  true  not  only  for  suckled  animals 
but  for  non'Suckled  animals  as  well  (15).  In  the  case  of  the  rabbit,  however,  the  post 
partum  peak  in  non^suckled  animals  was  lower  and  as  a  result  the  normal  level  was 
regained  more  rapidly. 

By  the  10th  day  of  pregnancy  the  lactogen  content  of  the  mouse  pituitary  gland 
had  increased  by  88  per  cent  on  the  basis  of  100  gm.  of  body  weight  in  comparison 
with  the  mature  normal  female.  This  is  in  sharp  contrast  to  the  findings  in  the  rat, 
guinea  pig,  and  rabbit,  but  agrees  with  a  limited  amount  of  data  presented  on  the 
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Fig.  I.  Lactogenic  hormone  content  per  mg.  of  pituitary  tissue  for  the  various  species.  Encircled 
figures  indicate  days  post  partum.  A  rapid  postpartum  rise  in  lactogen  content  per  mg.  of  pituitary  tissue 
is  clearly  indicated. 

goat  (ii).  At  the  time  of  parturition  in  the  mouse  the  lactogenic  level  again  rises, 
corresponding  in  nature  but  not  in  extent  with  species  previously  reported.  Shortly 
after  parturition,  as  in  the  rat,  guinea  pig,  and  rabbit,  the  lactogen  curve  drops 
sharply.  In  the  mouse  this  drop  is  even  below  the  pregnancy  level  although  at  21  days 
post  partum  it  is  still  38  per  cent  above  the  normal  female  level.  Thus  the  lactogen 
content  in  the  pituitary  is  falling  rapidly  while,  according  to  Enzmann  (16),  the  lacta¬ 
tion  curve  is  still  rising.  From  the  lactation  curve  shown  by  Cox  and  Mueller  (17),  the 
rat  also  does  not  have  coinciding  peaks  for  lactation  and  lactogen. 

It  would  thus  appear  that  in  the  mouse,  at  least,  the  level  of  the  lactogenic  hor¬ 
mone  in  the  pituitary  during  pregnancy  is  relatively  high.  The  reason  for  pregnant 
mice  not  lactating  at  this  time  cannot  be  explained  on  the  basis  of  pituitary  lactogen 
content  alone. 

In  all  species  reported  thus  far,  the  lactogenic  hormone  content  of  the  anterior 
pituitary  has  remained  low  in  normal  females  (table  3).  The  male  pituitary  glands, 
with  the  exception  of  the  guinea  pig,  are  lower  in  lactogenic  potency  than  those  of 
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Table  3.  International  units  of  lactogenic  hormone  in  the  pituitary  gland  of  various  species 


Species 

Mature  Male 

Mature  Female 

Maximum  During 
Pregnancy 

Maximum  Post 
Partum 

Per 
mg.  of 
tissue 

Per  100 
gm.  body 
weight 

Per 
mg.  of 
tissue 

Per  100 
gm. body 
weight 

Per 
mg.  of 
tissue 

Per  100 
gm.  body 
weight 

Per 
mg.  of 
tissue 

Per  100 
gm. body 
weight 

Mouse 

.006 

.041 

.010 

.088 

.021 

.i6y 

.031 

.265 

Rat 

.008 

.023 

.021 

.097 

.021 

.074 

.056 

.278 

Guinea  pig 

.041 

.XII 

.029 

.07J 

.016 

.076 

.052 

.160 

Rabbit 

.003 

.003 

.OIJ 

.015 

.019 

.019 

.059 

.081 

Goat 

.060 

.075 

.092 

.103 

.124 

•U7 

Dairy  cattle 

.024 

.027 

•037 

the  females  of  their  respective  species.  There  is  little  indication  that  any  relationship 
exists  between  the  level  of  lactogenic  hormone  in  normal  males  and  females  and  the 
lactogen  content  to  be  found  in  the  same  species  following  parturition. 

Inasmuch  as  all  of  the  species  previously  studied  have  shown  a  sharp  rise  in  pitui' 
tary  lactogen  at  the  time  of  parturition,  lactation  may  well  be  initiated  at  such  a  time 
when  there  is  a  sudden,  sharp  increase  in  pituitary  lactogen  coinciding  with  a  period 
at  which  the  mammary  glands  are  fully  developed.  Lactation,  in  well-nourished  ani¬ 
mals,  is  then  maintained  by  suckling  which,  according  to  Meites  and  Turner  (15), 
also  aids  in  the  maintenance  of  the  post  partum  lactogen  level. 

It  is  quite  probable  that,  in  addition  to  the  lactogenic  hormone,  other  anterior 
pituitary  factors  play  important  r6les  in  the  initiation  and  maintenance  of  milk  secre¬ 
tion.  That  definite  changes  occur  in  the  rate  of  secretion  of  these  hormones  related  to 
the  reproductive  cycle  may  be  expected  as  our  studies  are  extended. 


Fig.  a..LACTOGENic  HORMONE  CONTENT  of  thc  pituitary  gland  per  100  gm.  of  body  weight  for  the 
various  species.  Encircled  figures  indicate  days  post  partum.  A  rapid  postpartum  rise  in  pituitary  lactogen 
content  per  100  gm.  of  body  weight  is  clearly  indicated. 
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SUMMARY 

A  Study  of  the  pituitary  lactogen  content  of  the  albino  mouse  has  been  presented. 
It  has  been  shown  that  the  lactogen  content  of  the  pituitary  of  the  virgin  female  is 
relatively  low.  By  the  loth  day  of  pregnancy  there  is  an  88  per  cent  increase  in  pitui' 
tary  lactogen  on  the  basis  of  100  gm.  of  body  weight  which  is  followed  by  an  addi' 
tional  increase  of  63  per  cent  following  parturition.  A  peak,  aoi  per  cent  above  the 
level  for  the  virgin  female,  is  reached  by  the  5th  day  post  partum  after  which  the  lac¬ 
togen  content  declines  rapidly.  At  the  21st  day  post  partum  the  lactogen  level  is  38 
per  cent  above  that  of  the  virgin  female.  With  the  exception  of  a  high  lactogen  level 
during  pregnancy,  the  lactogen  curve  for  the  mouse  pituitary  closely  follows  that  for 
other  species  previously  reported.' 

Neither  ovariectomy  nor  thyroxin  injections  alone  into  females  altered  the  pitui¬ 
tary  lactogen  content. 
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STUDIES  CONCERNING  MECHANISM  CONTROLLING 
INITIATION  OF  LACTATION  AT  PARTURITION' ^ 

IV.  INFLUENCE  OF  SUCKLING  ON  LACTOGEN  CONTENT  OF  PITUITARY  OF 
POSTPARTUM  RABBITS 

JOSEPH  MEITES  and  C.  W.  TURNER 
From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURJ 

SELYE  and  his  colleagues  (1-3)  demonstrated  that  the  nervous  stimulus  of  suckling 
rather  than  the  removal  of  milk  is  responsible  for  the  maintenance  of  lactation 
once  it  is  established.  They  suggested  that  the  stimulus  of  nursing  probably  in' 
fluences  the  lactogenic  hormone  of  the  pituitary  just  as  the  stimulus  of  coitus  in' 
fluences  the  gonadotropic  function  in  the  pituitary  of  some  animals.  Later  Reece  and 
Turner  showed  that  there  was  a  considerable  decrease  in  the  lactogen  content  of  the 
pituitary  of  rats  following  nursing,  either  with  or  without  milk  removal  (4).  Holst 
and  Turner  confirmed  these  observations  in  guinea  pigs  and  rabbits,  although  the 
decrease  in  the  lactogen  content  of  the  pituitary  following  nursing  in  these  animals 
was  not  as  marked  as  in  the  rat  (5).  Meites,  Bergman  and  Turner  observed  that  the 
extent  and  intensity  of  the  nursing  stimulus  did  not  affect  the  lactogen  content  of  the 
pituitary  of  rabbits  during  the  first  20  days  post  partum,  since  the  pituitaries  of  does 
whose  fitters  were  reduced  to  2  contained  just  as  much  lactogenic  hormone  as  does 
with  full  fitters  (6).  More  recently,  the  present  authors  noted  that  if  albino  rats  were 
not  nursed  during  the  first  week  after  parturition,  milk  secretion  ceased  and  the  lactO' 
gen  content  of  the  pituitary  was  reduced  to  the  antepartum  level  (7).  Thus,  there  is 
little  reason  to  doubt  that  the  nervous  stimulus  of  suckling  plays  an  important  r6le 
in  the  maintenance  of  established  lactation  by  influencing  production  and  discharge  of 
lactogenic  hormone  from  the  pituitary. 

Insofar  as  the  initiation  of  lactation  at  partuirition  is  concerned,  it  does  not  appear 
probable  that  the  act  of  suckling  is  necessary  since  most  animals  come  into  copious 
lactation  after  parturition  even  in  the  absence  of  nursing.  Furthermore,  it  has  been 
observed  that  the  rise  in  the  lactogen  content  of  the  pituitary  of  rats  (8)  and  guinea 
pigs  (9)  ^ter  parturition  is  just  as  great  in  non'nursed  as  in  nursed  animals. 

T^e  lactogen  content  of  the  pituitary  of  rabbits  during  pregnancy  and  lactation 
has  been  reported  previously  by  Holst  and  Turner  (5).  They  found  that  pituitaries 
of  does  on  the  loth  day  of  gestation  contained  11.13  Reece'Tumer  units  (R.'T.u.)  of 
lactogen  per  pituitary;  those  of  does  20  days  pregnant  contained  10.63  R.'T.u.  per 
pituitary;  and  those  of  does  28  days  pregnant  contained  14.10  R.-T.u.  per  pituitary. 
Two  days  after  parturition  the  average  content  of  lactogen  per  pituitary  rose  to  18.38 
R.'T.u.,  and  at  5  days  post  partum  it  reached  40.31  R.'T.u.  The  hormone  content 
of  the  pituitary  remained  high  on  the  10th  day  post  partum  (40.00  R.'T.u.),  but  there' 
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after  it  declined  to  26.63  R-'T.u.  at  20  days  post  partum  and  to  15.75  R.'T.u.  at  30 
days  post  partum.  The  present  authors,  using  larger  groups  of  rabbits  than  the  above 
workers,  have  confirmed  most  of  these  assays  in  rabbits,  with  one  exception.  It  was 
found  that  the  pituitaries  of  7  suckled  rabbits  at  5  days  post  partum  contained  60.00 
R.'T.u.  instead  of  the  40.31  R.-T.u.  reported  in  4  rabbits  by  Holst  and  Turner  (5). 

The  present  experiment  was  undertaken  to  determine  to  what  extent  the  act  of 
nursing  was  responsible  for  the  postpartum  rise  in  the  lactogenic  hormone  of  the 
pituitary  of  rabbits,  and  also  to  determine  to  what  extent  the  absence  of  nursing  re- 
duced  the  content  of  pituitary  lactogen  and  the  amount  of  mammary  secretion  after 
lactation  had  once  been  established.* 

METHODS 

Mature  New  Zealand  White  rabbits,  weighing  approximately  2600  to  3700  gm. 
were  bred  for  this  experiment.  Just  before  parturition  those  does  which  were  not  to 
be  suckled  were  placed  in  small,  sloping  wire-bottom  cages,  thus  permitting  the 
litters  to  drop  out  of  the  cages  as  soon  as  they  were  bom.  The  date  on  which  each  doe 
dropped  its  litter  was  recorded  and  at  intervals  of  2,  5, 10  or  20  days  after  parturition 
both  suckled  and  non-suckled  rabbits  were  killed.  In  the  case  of  the  suckled  does,  the 
litters  were  removed  from  the  cages  15  hours  before  the  mothers  were  killed  in  order 
to  avoid  the  immediate  effect  of  nursing  in  causing  a  temporary  discharge  of  lactogenic 
hormone  from  the  pituitary.  The  mother  rabbits  were  all  weighed  on  the  day  of 
autopsy,  the  pituitaries  were  removed,  and  the  mammary  glands  were  examined 
macroscopically  for  the  degree  of  lactation.  The  pituitary  glands  of  every  suckled 
and  non-suckled  group  of  does  were  macerated  in  a  small  agate  mortar,  taken  up  in  a 
measured  amount  of  distilled  water,  and  assayed  in  common  pigeons  by  the  Reece' 
Turner  intradermal  method  (8).  One  Reece'Tumer  unit  has  been  found  to  be  equal 
to  0.45  international  units  of  lactogenic  hormone  (10). 

EXPERIMENTAL  RESULTS 

From  the  data  in  table  i,  it  will  be  seen  that  the  lactogenic  potency  of  the  pituitary 
in  the  nursed  and  non'nursed  rabbits  rose  to  0.99  and  1.08  i.u.,  respectively,  on  the 
second  day  after  parturition.  Thus  the  absence  of  nursing  seems  to  have  no  effect  on 
the  lactogen  content  of  the  pituitary  at  this  time.  At  5  days  post  partum  the  lactO' 
genic  hormone  in  the  pituitary  rose  tremendously  in  both  suckled  and  non'suckled 
does,  reaching  a  peak  of  2.70  i.u.®  in  the  former  and  1.62  i.u.  in  the  latter  animals.  The 
pituitaries  of  the  nursed  rabbits  were  66  per  cent  more  potent  in  lactogenic  hormone 
than  the  non'nursed  group  at  this  time  showing  that  the  nursing  stimulus  is  necessary 
to  bring  the  hormone  content  to  the  highest  level  in  rabbits.  There  was  a  considerable 
decrease  in  the  lactogen  content  of  the  pituitary  in  both  nursed  and  non-nursed  rab¬ 
bits  on  the  10th  day  post  partum.  However,  the  hormone  content  in  the  pituitaries 
of  the  nursed  does  was  67  per  cent  greater  than  in  the  does  which  were  not  nursed. 
At  20  days  post  partum  the  amount  of  lactogen  in  the  pituitaries  of  both  groups  de¬ 
clined  still  further,  but  whereas  it  was  180  per  cent  above  the  mature  control  level  in 
the  nursed  rabbits,  it  was  back  to  the  antepartum  level  in  the  non-nursed  does.  There 
was  100  per  cent  more  hormone  in  the  pituitaries  of  the  suckled  animals  at  this  time, 
and  the  rate  of  dechne  from  the  5'day-peak  level  was  considerably  less  than  in  the 
nop'suckled  rabbits.  It  is  of  some  interest  that  the  pituitaries  of  the  nursed  groups  of 
rabbits  weighed  more  than  those  of  the  non-nursed  does. 

No  detailed  description  of  the  state  of  the  mammary  glands  of  the  nursed  and  non- 
nursed  rabbits  can  be  given  since  they  were  examined  only  macroscopically.  In  the 

•  One  additional  pituitary  from  a  suckled  doc  at  j  days  post  partum  assayed  2.4J  i.u.  of  lactogen 
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nursed  rabbits  milk  secretion  was  apparently  not  fully  established  until  the  5th 
postpartum  day.  The  mammary  glands  remained  fully  distended  with  milk  on  the 
loth  day  post  partum,  but  by  the  20th  day  there  was  some  shrinkage  of  the  gland  and 
secretory  activity  was  reduced.  The  state  of  mammary  secretion  in  the  non^nursed 
rabbits  seemed  to  parallel  the  lactogen  content  of  the  pituitary  to  a  remarkable  degree. 
The  amount  of  milk  in  the  gland  was  comparatively  little  on  the  second  day  after 
parturition,  but  increased  by  the  5th  day.  However,  there  was  much  less  milk  in  the 
gland  at  this  time  than  in  the  glands  of  nursed  rabbits.  By  the  loth  day  considerable 


Table  1.  Lactogen  content  in  pituitaries  of  nursed  and  non'Nursed  postpartum  rabbits 


Days 

No.  of 
Ani' 
mals 

Aver' 

Aver' 

age 

E*itui' 

tary 

Weight 

Average 

R.'T.u. 

Average  i.u.  of 
Lactogen 

Difference 
between 
the  2 

Groups  per 
Pituitary 

Increases 

per 

Pituitary 

above 

Mature 

Control 

Level 

Series 

Post 

Par' 

turn 

age 

Body 

Weight 

LactO' 
gen  per 
Pitui' 
tary 

Per 

pitui' 

tary 

Per 
mg.  of 
pitui' 
tary 

Per 

100  gm. 
ofb^y 
weight 

Nursed 

2 

9‘ 

gm. 

3487 

mg. 

40.18 

22.00 

0.99 

0.024 

0.028 

% 

-  8.33 

% 

120.00 

Non'nursed 

2 

5 

5133 

38.73 

24.00 

1.08 

0.028 

0.032 

140.00 

Nursed 

5 

7‘ 

3347 

4y-98 

60.00 

2.70 

0.058 

0.081 

+  66.66 

500.00 

Non'nursed 

5 

5 

3743 

37.60 

36.00 

1.62 

0.043 

0.044 

260.00 

Nursed 

10 

y 

2890 

43-94 

36.00 

1.62 

0.037 

0.056 

+  67.01 

260.00 

Non'nursed 

10 

y 

2684 

3y-07 

21.50 

0.97 

0.028 

0.036 

111.50 

Nursed 

20 

31* 

3605 

44.41 

28.0? 

1.26 

0.029 

0.038 

-f- 100. 00 

180.05 

Non'nursed 

20 

y 

4963 

31-83 

14.00 

0.63 

0.19 

0.021 

40.00 

^  An  aliquot  portion  of  pituitary  material  from  these  rabbits,  sufficient  for  the  lactogen  assays,  was 
kindly  supplied  by  Mr.  A.  J.  Bergman  of  this  laboratory. 

*  Average  of  3  groups  previously  reported  by  Meites  and  Turner  (1941). 


lobule-alveolar  degeneration  had  taken  place,  the  gland  was  shrunken  and  pale,  and 
milk  was  present  only  in  the  large  ducts  leading  into  the  teats.  Further  mammary  in- 
volution  was  evident  on  the  20th  postpartum  day,  with  only  a  slight  amount  of 
residual  milk  in  the  largest  ducts. 

DISCUSSION 

The  lactogen  content  of  the  pituitary  is  comparatively  low  during  pregnancy  in 
most  of  the  animal  species  reported  thus  far,  but  following  parturition  there  is  a  quick 
rise  in  the  hormone  content  of  the  pituitary.  This  increase  in  lactogen  production  by 
the  pituitary  is  believed  to  be  largely  responsible  for  the  initiation  of  milk  secretion 
at  parturition  (13, 14).  The  nervous  stimulus  of  suckling  is  not  necessary  for  this  post' 
partum  rise  in  rats  (8)  and  guinea  pigs  (9),  since  the  peak  in  the  hormone  content  of  the 
pituitary  is  reached  on  the  second  day  after  parturition,  regardless  of  whether  these 
animals  are  nursed  or  not.  In  the  case  of  the  rabbit,  however,  the  peak  in  pituitary 
lactogen  is  not  reached  until  the  fifdi  postpartum  day,  and  at  this  period  it  is  much  less 
in  the  non'nursed  than  in  the  nursed  rabbit.  Since  the  quantity  of  milk  present  in  the 
mammary  gland  at  this  time  is  also  much  less  in  the  non'suckled  than  in  the  suckled 
rabbits,  it  may  be  concluded  that  the  act  of  nursing  does  play  a  rfile  in  the  initiation  of 
lactation  in  this  species,  to  the  extent  that  maximum  milk  secretion  and  maximum 
lactogen  in  the  pituitary  cannot  be  attained  v^'ilhout  suckling. 

The  importance  of  the  act  of  nursing  for  the  maintenance  of  lactation  also  receives 
support  from  this  study.  In  the  rat,  the  absence  of  suckling  for  the  first  week  post 
partum  r&ulted  in  a  fall  of  the  lactogen  content  of  the  pituitary  to  the  antepartum 
level,  and  in  the  virtual  disappearance  of  mammary  secretion  (7).  In  parturient  rabbits 
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which  are  not  nursed,  the  lactogen  content  of  the  pituitary  and  mammary  secretion 
falls  sharply  after  the  fifth  postpartum  day  and  both  reach  the  antepartum  level  on  or 
before  the  twentieth  day. 

Suckling  will  not  maintain  lactation  indefinitely,  but  it  will  prolong  it.  Selye  et  al. 
(3)  maintained  milk  secretion  in  lactating  mice  for  a  considerable  period  beyond  the 
usual  span  by  replacing  older  litters  with  very  young  ones.  After  about  8  weeks  the 


Fig.  I.  Curve  showing  changes  in  lactogen  content  of  the  pituitary  during  pregnancy  and  lac* 
tation.  The  assay  values  on  the  mature  control  and  pseudopregnant  rabbits  are  taken  from  data  published 
by  Holst  and  Turner  (11)  and  Meites  and  Turner  (12). 

mother  mice  were  no  longer  able  to  nourish  their  young.  We  have  similarly  prolonged 
lactation  in  several  rats  (9).  It  is  interesting  that  both  in  the  guinea  pig  and  rabbit 
at  the  time  of  weaning,  the  lactogen  content  of  the  pituitary  is  about  as  low  as  the 
antepartum  level.  The  relative  absence  of  nursing  at  this  time  may  account  for  this 
reduction  in  the  hormone  content  of  the  pituitary. 

Through  what  nervous  pathways  the  act  of  suckling  influences  the  anterior  pitui' 
tary  to  secrete  and  discharge  lactogenic  hormone  cannot  be  answered  with  any  as- 
surance  at  present.  It  seems  fairly  certain  that  the  effect  of  nursing  on  the  anterior 
pituitary  is  not  exerted  indirectly  through  other  endocrine  organs.  It  is  well  known 
that  lactation  can  be  maintained  in  the  absence  of  either  the  ovaries  or  the  thyroid. 
The  adrenals,  as  well  as  the  posterior  pituitary,  must  also  be  eliminated  as  possible 
intermediaries  since  desoxycorticosterone  acetate  (15),  adrenal  cortical  extracts,  and 
pituitrin  (14)  have  all  been  shown  to  have  no  effect  on  the  lactogenic  hormone  of  the 
pituitary.  It  seems  most  probable,  particularly  as  a  result  of  the  work  of  Ingelbrecht 
(16),  that  the  effect  of  nursing  on  the  anterior  pituitary  is  mediated  directly  through 
the  cerebrcHspinal  axis. 
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SUMMARY 

The  effects  of  the  presence  and  absence  of  the  nursing  stimulus  after  parturition 
on  the  lactogen  content  of  the  pituitary  were  determined  in  72  New  Zealand  White 
rabbits,  either  by  permitting  the  Utters  to  remain  with  their  mothers  or  else  by  re- 
moving  them  at  birth. 

On  the  second  day  after  parturition  the  lactogen  content  of  the  pituitaries  of  both 
nursed  and  non-nursed  does  was  approximately  the  same,  there  being  0.99  and  1.08  in' 
temational  units  of  lactogen,  respectively.  There  was  an  abrupt  rise  in  pituitary  lactO' 
gen  to  a  peak  level  on  the  fifth  day  post  partum  in  both  the  suckled  and  non'suckled 
rabbits.  However,  the  former  contained  2.70  i.u.  of  lactogen  per  pituitary  as  compared 
to  only  1.62  I.u.  per  pituitary  in  the  latter  animals,  or  66  per  cent  more  hormone. 

On  the  tenth  post  partum  day  there  was  a  reduction  in  pituitary  lactogen  from 
the  5'day'peak  level  in  both  groups.  The  does  without  Utters  had  only  0.97  i.u.  of 
lactogen  per  pituitary  while  the  does  with  young  had  1.62  i.u.  per  pituitary  or  67  per 
cent  more  hormone.  At  20  days  after  parturition  a  further  decUne  occurred  in  the 
lactogen  content  of  the  pituitaries  of  both  groups,  but  whereas  it  was  still  above  the 
level  at  2  days  post  partum  in  the  suckled  rabbits,  it  had  returned  to  the  antepartum 
level  in  the  non'suckled  does.  There  was  1.26  and  0.63  i.u.  of  lactogen  per  pituitary, 
respectively,  or  100  per  cent  more  hormone  in  the  suckled  rabbits.  The  pituitaries  of 
the  nursed  groups  of  rabbits  apparently  were  heavier  than  those  of  the  non'nursed 
does. 

Mammary  secretion  seemed  to  be  fully  estabUshed  by  the  fifth  day  post  partum, 
although  there  was  considerably  more  milk  at  this  time  in  the  glands  of  the  suckled 
than  in  those  of  the  non-suckled  rabbits.  From  the  fifth  to  the  tenth  day  after  parturi' 
tion,  the  mammary  glands  of  the  nursed  rabbits  remained  full  of  milk,  while  in  the  does 
which  were  not  nursed  there  was  a  rapid  decUne  in  milk  secretion,  so  that  by  the 
twentieth  day  post  partum  there  was  only  a  slight  amount  of  residual  milk  in  the 
large  ducts  surrounding  the  teats.  In  the  non-nursed  does,  the  amount  of  milk  in  the 
mammary  glands  at  any  of  the  four  periods  after  parturition  seemed  to  parallel  the 
content  of  lactogenic  hormone  in  the  pituitary  during  these  periods. 

These  results  would  indicate  that  in  the  rabbit  the  act  of  nursing  plays  a  r6le  in 
the  initiation  of  milk  secretion  to  the  extent  that  maximum  lactation  and  maximum 
lactogen  in  the  pituitary  cannot  be  obtained  without  it.  Furthermore,  in  the  absence 
of  the  suckling  stimulus  after  parturition,  the  lactogen  content  of  the  pituitary  de' 
dines  rapidly  and  milk  secretion  soon  ceases. 
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INFLUENCE  OF  THYROXINE  UPON  MAM^ 

MARY  LOBULE'ALVEOLAR  GROWTH'.* 

JOHN  P.  MIXNER  and  CHARLES  W.  TURNER 
From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURI 

Thyroid  tissue,  thyroxine  and  synthetic  thyroprotein  have  been  demonstrated 
repeatedly  to  have  a  stimulating  effect  upon  lactation  in  dairy  animals  (i,  2,  3). 
The  effect  of  thyroxine  on  the  growth  of  the  duct  and  lobule^alveolar  systems  of 
the  mammary  gland  is  less  clear.  Recently  Leonard  and  Reece  (4)  reported  that  thy¬ 
roidectomy  in  normal,  young,  female  rats,  in  spayed  female  rats  and  in  estrogen- 
treated  spayed  rats  caused  a  thickening  of  the  mammary  ducts  and  an  increase  in  the 
number  of  lateral  and  end  buds  as  compared  to  appropriate  controls.  Weichert  and 
Boyd  (5),  however,  reported  that  hyperthyroidism  in  pregnant  rats  caused  a  marked 
stimulation  of  mammary  tissue  and  an  earlier  appearance  of  secretion  in  the  forming 
alveoli. 

The  development  of  a  technic  for  the  assay  of  substances  which  stimulate  mam¬ 
mary  lobule-alveolar  growth  (6,  7)  has  made  possible  studies  on  factors  (8,  9)  which 
influence  such  growth. 

In  this  paper  experiments  on  the  influence  of  thyroxine  and  thyroidectomy  on 
mammary  lobule-alveolar  growth  stimulation  by  progesterone®  and  estrone  and  by  an 
anterior  pituitary  extract  are  reported. 

PROCEDURE 

The  ovariectomized  virgin  female  mouse  was  used  as  the  assay  animal  in  these 
experiments.  This  animal  may  be  used  to  assay  progesterone-like  materials  (10) 
which  indirectly  stimulate  mammary  lobule-alveolar  growth  or  pituitary  extracts 
which  directly  stimulate  such  growth.  Small  amounts  of  estrone  (7)  were  given  in 
conjunction  with  progesterone  or  pituitary  extract.  With  the  constant  injection  of 
these  hormones,  the  effect  of  variable  amounts  of  thyroxine  or  of  thyroidectomy  was 
determined.  The  criterion  of  response  was  the  percentage  of  animals  showing  positive 
mammary  lobule-alveolar  responses  after  10  daily  subcutaneous  injections  of  the  test 
substances. 

EXPERIMENTAL  RESULTS 

The  animals  in  group  i  (see  table  i)  serve  as  a  check  group  for  the  next  5  groups 
of  animals  in  which  each  animal  received  750  micrograms  of  progesterone,  7.5  micro¬ 
grams  of  estrone  and  in  which  the  thyroxine  level  of  the  animals  was  changed  by 
the  injection  of  varying  amounts  of  thyroxine  or  by  thyroidectomy  (group  6).  In  the 
check  group  i,  35  per  cent  positive  lobule-alveolar  responses  were  secured  in  20 
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animals.  The  same  response  was  secured  when  150  iig.  of  thyroxine  was  given  in 
addition  to  the  progesterone  and  estrone  (group  2).  However,  when  the  thyroxine 
injection  was  increased  to  1500  ng.  in  groups  3  and  4,  the  percentage  of  positive  re- 
sponses  increased  to  57.9  and  75  per  cent,  respectively,  indicating  that  the  thyroxine 
was  in  some  manner  increasing  the  efficiency  of  action  of  the  progesterone  and  estrone. 
These  increases  in  the  percentage  of  positive  responses  in  groups  3  and  4  are  considered 
to  be  significant  increases  over  the  level  of  35  per  cent  in  check  group  i.  Group  5 
received  4500  fig.  of  thyroxine  and  here  the  percentage  of  positive  responses  dropped 
back  to  the  check  level  indicating  that  there  is  an  optimum  th3n'oxine  level  for  this 
synergistic  action  somewhere  in  the  range  between  150  and  4500  fig. 

To  determine  the  activity  of  the  progesterone  and  estrone  in  the  entire  absence 


Table  i.  Lobule -alveolar  responses  of  castrate  female  mice  to  progesterone,  estrone, 
PITUITARY  extract  AND  THYROXINE 


Group 

Numb« 

Number 
of  Mice 

Progesterone 
Dosage,  ^g- 
(total) 

Estrone 
Dosage,  /ig. 
(total) 

Thyroxine 

Dosage,  fxg. 

(total) 

Lobule-Alveolar 

Responses 

+ 

- 

% 

Positive 

I 

20 

750 

7-5 

7 

13 

35-0 

2 

20 

750 

7-? 

150 

7 

13 

3J-0 

3 

19 

750 

7-5 

1500 

11 

8 

57-9 

4 

12 

750 

7-5 

1500 

9 

3 

75.0 

s 

18 

750 

7-y 

4500 

6 

12 

33-3 

Thyroidectomizcd 

1 

11 

8.3 

6 

12 

750 

7-y 

50  days  before  injection 

7 

10 

1000 

13-3 

6 

4 

60.0 

8 

9 

1000 

13-3 

1500 

9 

0 

100.0 

Pituitary  ext. 

9 

18 

7-  5  mg- 

7-5 

9 

9 

50.0 

Pituitary  ext. 

10 

18 

7-ymg- 

7-? 

1500 

1 

17 

5.6 

II 

10 

i 

7-5 

1500 

0 

10 

0.0 

of  thyroxine  and  the  thyroids,  a  group  of  animals  were  thyroidectomized  50  days  be- 
fore  progesterone  and  estrone  injections  were  begun  and  were  ovariectomized  only 
shortly  before  the  beginning  of  injections  (group  6).  Here  only  i  animal  of  la  re¬ 
sponded  with  lobule-alveolar  growth  which  further  indicates  that  thyroxine  is  needed 
to  secure  optimal  growth. 

In  group  7  and  15,  the  levels  of  progesterone  and  estrone  were  increased  to  1000 
and  13.3  fig.,  respectively.  Group  7  served  as  a  check  for  group  8  which,  in  addition, 
received  1500  fig.  of  thyroxine,  the  level  which  was  found  to  be  optimal  in  the  pre¬ 
vious  groups.  As  may  be  seen  from  the  table,  the  positive  responses  were  increased 
from  60  to  100  per  cent,  further  evidence  for  the  vahdity  of  the  previous  observa¬ 
tions. 

As  an  average  of  64.5  per  cent  positive  responses  was  obtained  from  750  fig.  of 
progesterone  plus  1 500  fig.  of  thyroxine  (groups  3  and  4)  while  1000  fig  of  progesterone 
alone  gave  60  per  cent  positive  responses  (group  7),  it  would  appear  that  the  efficiency 
of  the  progesterone  was  increased  about  25  per  cent  by  the  action  of  the  thyroxine. 
Similarly,  the  amount  of  progesterone  required  to  secure  100  per  cent  positive  re- 
sponses.yias  about  1500  fig.  (6)  while  only  1000  fig.  of  progesterone  plus  1500  fig.  of 
thyroxine  (group  8)  were  required,  an  increase  in  efficiency  of  progesterone  of  from 
25  to  33  per  cent. 
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In  groups  g  and  10  a  pituitary  extract  was  substituted  for  the  progesterone.  This 
pituitary  extract  was  a  fairly  good  source  for  most  of  the  pituitary  hormones  include 
ing  the  mammogenic  lobule-laveolar  growth  factor  and  the  thyrotropic  hormone. 
Group  9  served  as  a  control  for  group  10  which  received  in  addition  1500  Mg-  of  thy- 
roxine  which  was  optimal  for  mammary  growth  in  groups  3, 4  and  8.  However,  in  this 
case  mammary  growth  was  seriously  inhibited  as  the  positive  responses  dropped 
from  50  to  6  per  cent. 

Group  II  received,  as  a  check  on  the  possible  mammary  growth  activity  of  the 
thyroxine  under  the  assay  conditions,  1500  Mg-  of  thyroxine  and  7.5  Mg-  of  estrone. 
No  lobule-alveolar  stimulation  resulted. 

An  optimal  dose  of  thyroxine,  then,  increased  the  percentage  of  mammary  lobule' 
alveolar  responses  to  progesterone  and  estrone  stimulation  in  the  castrate  female 
mouse  while  thyroidectomy  decreased  such  responses. 

DISCUSSION 

Previous  experiments  indicate  that  both  thyroidectomy  and  hyperthyroidism 
may  stimulate  increased  mammary  gland  growth.  Leonard  and  Reece  (4)  suggest  that 
thyroidectomy  may  increase  the  sensitivity  of  the  mammary  glands  to  estrogens 
and/or  estrogen  may  be  more  efficiently  utilized  by  the  thyroidectomized  than  by  the 
normal  animal.  Weichert  and  Boyd  (5)  suggest  that  hyperthyroidism  causes  a  lower' 
ing  of  the  normal  level  of  estrogen  in  the  body  which  releases  its  inhibitory  effect  on 
the  pituitary  to  a  degree,  making  it  possible  for  the  pituitary  to  elaborate  its  hormones 
to  a  greater  extent.  The  corpus  luteum  and  pituitary  hormones  being  present  in 
greater  concentrations  would  cause  the  increased  mammary  stimulation.  This  ex' 
planation  of  Weichert  and  Boyd  cannot  be  accepted  for  the  enhancing  effect  of  thy' 
roxine  on  mammary  growth  as  observed  in  these  experiments,  because  estrogen 
definitely  enhances  mammary  lobule'alveolar  growth  when  given  with  progesterone 
or  pituitary  materials.  The  ovaries,  further,  were  not  involved  as  the  animals  were 
castrated. 

As  thyroxine  plays  a  r6le  in  somatic  growth  both  in  thyroidectomized  (ii)  and 
normal  animals  (12, 13),  it  seems  reasonable  to  expect  that  thyroxine  would  also  aug' 
ment  the  growth  of  specialized  tissues  when  they  are  subjected  to  the  action  of 
hormones  which  normally  stimulate  their  growth  as  for  instance,  mammary  gland 
stimulation  by  progesterone  and  estrone.  In  a  recent  study  in  this  laboratory  in  which 
normal,  young  female  mice  were  used  as  experimental  animals,  Koger,  Hurst  and 
Turner  (13)  observed  that  thyroxine  in  suitable  dosage  increased  the  food  consump' 
tion  and  growth  rate  about  25  per  cent  over  that  of  non'injected  controls.  Carcass 
analysis  indicated  a  greater  retention  of  nitrogen  and  water  but  a  lesser  percentage  of 
fet  than  in  the  controls.  Thus  the  enhancing  effect  of  thyroxine  on  mammary  lobule' 
alveolar  growth  as  stimulated  by  progesterone  and  estrone  may  be  simply  that  of 
superimposing  the  general  protein  growth  stimulation  of  thyroxine  upon  the  more 
specific  mammary  lobule'alveolar  growth  stimulation  of  progesterone  and  estrone. 
Mammary  growth  being  primarily  protein  in  nature,  a  greater  growth  effect  might  be 
expected  to  result. 

It  is  also  possible  that  thyroxine,  through  its  effect  in  elevating  general  body 
metabolism,  accelerates  the  rate  of  cellular  reactions  and  thus,  although  a  certain 
optimal  level  of  progesterone  and  estrone  are  necessary  to  direct  the  mechanism  of 
mammary  growth,  the  reaction  as  a  whole  is  accelerated  by  thyroxine. 

The  inhibiting  effect  of  thyroxine  on  mammary  growth  (groups  9  and  10)  with  a 
pituitary  extract  was  probably  due  to  excessive  thyroxine  stimulation  due  to  the  com' 
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bined  effects  of  the  injected  thyroxine  and  the  thyroid  stimulation  by  the  thyrotropic 
hormone  in  the  pituitary  extract. 

SUMMARY 

Thyroxine  in  an  optimal  dose  increased  significantly  the  percentage  of  castrate 
female  mice  which  responded  with  mammary  lobule-alveolar  growth  to  minimal 
doses  of  progesterone  and  estrone.  The  efficiency  of  progesterone  and  estrone  in 
stimulating  such  growth  was  thus  increased  about  25  per  cent  by  the  thyroxine. 

Thyroidectomy,  on  the  other  hand,  inhibited  the  ability  of  these  mice  to  respond 
to  progesterone  and  estrone  with  mammary  lobule^alveolar  growth.  A  discussion  of 
the  possible  mechanisms  for  these  effects  is  presented. 
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SELECTION  OF  NIPPLES  BY  SUCKLING  RATS  AND  ITS 
EFFECT  UPON  MAMMARY  SYSTEM^ 


CHARLES  K.  WEICHERT 
From  the  Zoological  Laboratory,  University  of  Cincinnati 

CINCINNATI,  OHIO 

During  the  routine  examination  of  rats  in  our  colony  at  time  of  weaning  (21 
days),  it  was  observed  that,  when  small  litters  were  suckling,  not  all  of  the 
nipples  were  being  used  by  the  young  in  obtaining  their  nourishment.  It 
was  soon  apparent  that  there  was  some  correlation  between  the  size  of  the  litter  and 
the  specific  nipples  being  utilized.  The  present  report  is  concerned  with  observations 
made  on  females  suckling  small  litters,  together  with  a  histological  study  of  the  mam- 
mary  tissue  associated  with  suckled  and  non^suckled  nipples. 

MATERIAL  AND  METHODS 

When  the  lactating  female  rat  is  taken  from  the  nest  while  the  young  are  suckling 
it  can  readily  be  determined  which  nipples  are  being  suckled.  The  recently  suckled 


Fig.  I.  Diagram  SHOW' 

ING  MANNER  IN  WHICH  NIP' 

PLE8  of  rat  were  numbered 
in  recording  the  data  pre' 
sen  ted. 


i 


nipple  is  elongated  and  the  fur  at  its  base  is  wet  and  matted.  Nipples  that  are  not  being 
suckled  are  small  and  dry. 

The  normal  female  albino  rat  has  6  pairs  of  nipples,  3  in  the  pectoral  area  and  3 
in  the  pelvic  region.  For  the  sake  of  convenience  the  nipples  were  numbered  in  se- 
quence  from  right  to  left  proceeding  in  an  anterior-posterior  direction  (fig.  i). 

Received  for  publication  June  19, 194a. 

‘  This  investigation  was  supported  in  part  by  a  grant  from  the  Ckimmittee  for  Research  in  Problems 
of  Sex,  National  Research  Council. 
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Records  were  kept  of  the  specific  nipples  being  suckled  in  67  lactating  females  suck- 
ling  I  to  6  young  and  upon  a  large  number  of  females  with  litters  ranging  from  7  to 
15.  Although  observations  were  made  throughout  the  lactation  period,  the  condition 
during  the  3rd  week  after  parturition  was  taken  as  typical  for  the  particular  animal  in 
question. 

Some  of  the  lactating  females  were  normal  controls;  others,  inseminated  during 
the  postpartum  estrus,  were  pregnant,  and  still  others  were  injected  with  prolactin’* 
or  theelin’*  at  different  times  during  the  lactation  period.  Since  these  conditions  and 
procedures  did  not  influence  the  results,  details  are  omitted  from  this  paper. 

Several  of  the  females  were  autopsied  on  the  21st  day  after  parturition  and  the 


Tablb  I.  Specific  nipples  selected  for  suckung  by  67  litters  of  rats  ranging  in  number  from  i  to  6. 
Observations  made  during  the  }rd  week  of  lactation 


Number  Nipples  Suckled 

Rat  No.  of  Young - 

Suckling  ia}4s6789  ioiiia 


Number  Nipples  Suckled 

Rat  No.  of  Young - 

Suckling  113456789  10  II  la 


condition  of  the  mammary  glands  observed.  In  two  animals,  D744  and  D702,  suckling 
2  and  3  young,  respectively,  whole  mounts  of  the  entire  pelvic  mammary  area  were 
prepared.  In  12  animals  the  mammary  tissue  about  the  base  of  one  suckled  and  one 
non-suckled  nipple  was  fixed  in  Bouin’s  solution  and  sUdes  prepared  for  histological 
study. 

OBSERVATIONS 

During  the  first  week  of  lactation  in  rats  suckling  i  to  6  young,  it  is  difficult  to  de- 
termine  whether  there  is  any  selection  of  nipples  on  the  part  of  the  young.  Nipples 
are  apparently  tried  at  random.  Since  the  amount  of  milk  withdrawn  is  relatively 
small,  the  nipples  do  not  protrude  excessively  nor  is  the  fur  matted  to  any  extent. 
During  the  2nd  week,  selection  of  specific  nipples  becomes  increasingly  apparent.  In 
.some  animals  suckling  is  now  definitely  limited  to  certain  nipples. 

*  The  theclin  used  was  supplied  by  Parke,  Davis  and  Company,  Detroit,  Mich.  The  prolactin  was 
supplied  by  the  Winthrop  Chemical  Co.,  New  York  City. 


September,  1942 


MAMMARY  GLAND  DEVELOPMENT 


551 


Fig.  2,  A  and  B.  Mammary  tissue  from  rat  D778,  suckling  j  young  and  injected  daily  throughout 
the  lactation  period  with  20  Riddle  units  of  prolactin.  The  tissue  was  removed  on  the  21st  day.  A,  from 
mammary  gland  7  which  was  being  suckled;  B,  from  mammary  gland  9  which  was  neglected  and  which  is 
retrogressing. 

Fig.  3.  Whole  mount  preparation  of  pelvic  mammary  area  of  rat  D702,  removed  on  the  21st 
day  of  lactation.  This  animal  was  suckling  j  young  and  injected  daily  throughout  the  lactation  period 
with  20  Riddle  units  of  prolactin.  Only  nipple  7  was  being  suckled. 

Data  obtained  during  the  3rd  week  (table  i)  show  that  when  only  one  pup  is 
being  suckled,  the  first  pair  of  pectoral  nipples  alone  is  utilized.  When  the  -litter  con^ 
sists  of  2  young,  the  same  two  pectoral  nipples  are  used  and  the  last  pair  of  pelvic 
nipples  may  be  suckled  in  addition  (3  of  7  instances).  In  some  animals  the  3rd  or  3rd 
and  4th  pectoral  nipples  may  also  be  utilized.  When  3  young  are  suckling  it  is  most 
common  for  nipples  i  to  8  to  be  used,  but  in  some,  certain  posterior  nipples  are  also 
utilized  and  a  few  anterior  ones  neglected.  With  litters  of  4,  the  first  8,  9  or  10  nipples 
are  used,  the  neglected  ones  being  generally  confined  to  the  pelvic  region.  With  litters 
of  6  it  is  usual  for  all  of  the  nipples  to  be  utilized  although  occasionally  2  or  3  may  be 
neglected.  In  only  one  of  over  150  animals  suckling  7  or  more  young,  has  neglect  of 
any  nipples  been  observed.  In  this  rat,  suckling  9  young,  nipples  9,  ii  and  12  were 
neglected. 
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Upon  autopsy  it  was  noted  that  milk  exuded  from  the  cut  surfaces  of  the  mammary 
tissue  in  the  actively  suckled  areas  whereas  in  the  neglected  regions  it  did  not.  HistO' 
logical  examination  of  the  mammary  tissue  of  suckled  and  non'Suckled  nipples  showed 
that  in  the  latter  retrogression  had  taken  place.  For  example,  in  D778,  suckling  3 
young,  nipple  7  was  being  suckled  and  nipple  9  was  not.  It  is  clear  (fig.  2)  that  a  con' 
siderable  degree  of  retrogression  of  the  non'suckled  gland  had  occurred  and  that  the 
adjacent  suckled  gland  was  actively  functional. 

The  whole-mount  preparation  of  the  pelvic  mammary  tissue  of  D702  (fig.  3), 
suckling  3  young,  is  of  special  interest.  Only  nipple  7  was  being  suckled  and  the 
density  of  the  mammary  tissue  associated  with  this  nipple  is  correspondingly  greater. 

DISCUSSION 

The  factors  involved  in  the  direction  of  the  selection  of  nipples  from  anterior  to 
posterior  mammary  areas  are  not  obvious.  Although  discrepancies  occur,  the  trend  is 
unmistakable.  Whether  or  not  such  selection  of  nipples  on  the  part  of  the  young  has 
any  evolutionary  significance  is  a  matter  for  conjecture.  It  is  probable  that  no  in' 
dividual  is  allotted  a  particular  nipple  as  occurs  in  certain  domestic  animals. 

The  condition  in  the  lactating  rat  differs  somewhat  from  that  of  the  mouse  which 
has  5  mammary  glands  on  each  side,  3  in  the  pectoral  and  2  in  the  pelvic  region.  If 
the  litter  is  small  some  nipples  may  be  neglected.  According  to  Cole  (i)  the  2nd  and 
3rd  pectoral  pair  are  usually  affected  but  Fekete  (2)  reports  that  most  often  it  is  the 
first  pair  of  glands  that  is  not  used  (16  of  29  unsuckled  nipples). 

Investigators  have  attributed  the  retrogression  of  mammary  tissue  at  the  time  of 
weaning  to  2  factors:  a),  the  cessation  of  the  suckling  stimulus  and  b),  the  accumula' 
tion  of  milk  in  the  mammary  glands  which,  presumably  because  of  pressure  on  the 
epithelial  cells  lining  the  alveoli,  brings  about  their  degeneration.  It  is  probable  that 
both  of  these  factors  are  involved  (3).  The  act  of  nursing  stimulates  the  production 
and  liberation  of  the  lactogenic  hormone  from  the  hypophysis  (4,  5,  6)  which  in  turn 
maintains  the  mammary  gland. 

The  observations  reported  here  are  of  interest  in  connection  with  the  question  as 
to  whether  removal  of  milk  from  certain  mammary  glands  will  influence  secretion  in 
adjacent  glands  from  which  no  milk  is  removed. 

In  the  lactating  guinea  pig  (7,  8)  and  rabbit  (9)  it  has  been  reported  that  if  certain 
nipples  are  occluded  the  corresponding  mammary  glands  will  undergo  involution  as 
if  the  animal  had  been  weaned,  while  those  from  which  milk  is  removed  continue  to 
be  functionally  active.  Other  reports,  on  the  contrary,  show  that  in  the  lactating  rat 
and  mouse  (4,  5),  if  the  milk  ducts  are  severed  or  ligated  in  one  or  both  rows  of  nipples 
and  suckling  is  continued,  then  active  secretion  is  maintained  for  long  periods  of  time 
even  though  no  milk  is  removed.  Likewise  in  the  goat  (10),  cessation  of  milking  in  one 
half  of  the  udder  while  milking  is  continued  in  the  other  half,  prevents  involution  of 
the  non'suckled  side  for  as  long  as  65  days.  If  milking  is  stopped  altogether  there  is  a 
rapid  involution. 

The  present  findings  are  not  in  complete  accord  with  these  latter  observations 
since  the  non'suckled  mammary  tissue  shows  a  considerable  degree  of  involution.  It 
appears,  however,  that  in  the  animals  reported  here,  retrogression  has  not  taken  place 
_so  rapidly  or  completely  as  it  would  had  the  litter  been  removed  from  the  mother. 
The  involution  seems  to  be  due  to  the  pressure  effects  of  the  accumulated  milk  since 
the  presence  of  an  abundant  amount  of  lactogenic  hormone  is  not  sufficient  to  main' 
tain  the  noh'Suckled  mammary  gland  in  an  actively  functional  state.  This  is  illustrated 
in  rat  D778  (fig.  2)  and  D702  (fig.  3)  both  of  which  were  injected  daily  throughout  the 
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lactation  period  with  20  Riddle  units  of  prolactin  but  nevertheless,  the  non^suckled 
mammary  tissue  has  undergone  retrogression. 

The  present  study  emphasizes  the  importance  of  careful  observation  of  nipples 
prior  to  removal  of  mammary  tissue  for  histological  study  in  experimental  work.  'ITiis 
is  especially  true  when  small  litters  are  being  suckled.  Study  of  arbitrarily  removed 
mammary  tissue  may  give  an  entirely  erroneous  concept  of  the  condition  of  the 
mammary  system  as  a  whole. 

SUMMARY 

Observations  on  67  lactating  rats  show  that  when  small  Utters  are  being  suckled 
not  all  nipples  are  used  by  the  young  in  obtaining  their  nourishment.  In  only  one  of 
over  150  animals  suckling  7  or  more  young  has  neglect  of  any  nipples  been  observed. 

There  is  a  correlation  between  the  size  of  the  litter  and  the  specific  nipples  which 
are  utilized.  This  is  definitely  apparent  by  the  3rd  week  of  lactation.  Selection  of 
nipples  takes  place  in  an  anterior^posterior  sequence,  litters  of  one  confining  them' 
selves  to  the  anterior  pectoral  region. 

The  mammary  tissue  of  neglected  nipples  retrogresses  while  that  associated  with 
suckled  nipples  is  fuUy  functional.  Injection  of  prolactin  fails  to  maintain  complete 
activity  in  neglected  mammary  tissue. 

Emphasis  is  placed  on  the  importance  of  careful  observation  of  nipples  prior  to 
removal  of  mammary  tissue  in  experimental  animals.  Unless  this  is  done,  histological 
study  may  lead  to  a  misconception  of  the  condition  of  the  mammary  system  as  a  whole. 

The  author  is  indebted  to  Mrs.  Kathryn  Weichert  and  Mr.  A.  W.  Schurgast  for  technical  assist' 

ance. 
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CALORIGENIC  ACTION  OF  DIETHYLSTILBESTROL 
IN  THE  RATI 


RALPH  G.  JANES 

From  the  Department  of  Anatomy,  Wayne  University,  College  of  Medicine 

DETROIT,  MICHIGAN 

During  the  past  decade  a  considerable  body  of  evidence  has  accumulated  on 
the  relation  of  the  gonads  to  the  basal  metabolic  rate.  In  certain  animals 
castration  appears  to  be  followed  by  a  tendency  towards  adiposity  and  a 
decrease  in  oxygen  consumption  (i,  2).  Likewise,  low  metabohc  rates  have  been  ob' 
served  in  human  castrates  and  hypogonadal  individuals  (5-7).  When  male  or  female 
sex  hormones  were  administered  to  such  patients,  oxygen  consumption  was  ele^ 
vated  in  some  instances  (3,  5,  6,  7,  8),  while  in  others  it  seemed  to  be  unaltered  (9). 
However,  administration  of  sex  hormones  to  normal  animals  and  human  beings  m.ay 
not  alter  the  basal  level  (10,  ii),  or  may  lower  it  (12, 13). 

Although  the  question  of  a  relation  of  the  gonads  and  their  hormones  to  the 
basal  metabolic  rate  remains  a  highly  controversial  issue,  it  is  of  sufficient  interest  to 
justify  a  study  of  the  effect  of  diethylstilbestrol  on  the  rate  of  oxygen  consumption 
in  the  rat.  Diethylstilbestrol  was  selected  for  its  potency  as  an  estrogen  and  be- 
cause  of  its  wide-spread  employment  in  present  day  clinical  practice. 

EXPERIMENTAL  PROCEDURE 

Two  groups  of  rats  were  used  in  this  study.  The  first  group  had  received  sub¬ 
cutaneous  injections  of  50  micrograms  of  diethylstilbestrol  daily  for  about  3.5 
months  before  the  observations  on  oxygen  consumption  were  begun.  In  the  second 
group,  which  received  100  ng.  of  diethylstilbestrol  daily,  treatment  and  observations 
were  started  at  approximately  the  same  time.  Each  group  consisted  of  12  rats,  6 
males  and  6  females,  and  was  evenly  divided  into  treated  and  control  animals.  In¬ 
jections  were  made  daily  in  the  treated  animals.  On  those  days  during  which  tests 
for  oxygen  consumption  were  made  injections  were  not  given  until  after  the  experi¬ 
mental  period. 

A  closed  chamber  apparatus®  was  used  in  the  determinations  of  oxygen  consump¬ 
tion.  Circulation  in  the  chamber  was  maintained  with  a  pump  and  the  consumption 
of  oxygen  was  measured  on  a  Benedict-Roth  recording  apparatus.  Temperature  in 
the  chamber  was  maintained  at  approximately  28°  C.  by  the  use  of  a  water  bath.  A 
flashing  light,  which  seemed  ^o  lessen  the  activity  of  the  animals,  was  placed  above  the 
apparatus. 

Between  experiments  the  animals  were  kept  in  well-Ughted  cages  and  received 
a  regular  stock  diet  ad  libitum  from  hoppers.  They  were  fasted  for  12  to  18  hours  be¬ 
fore  each  experiment.  Because  of  this  procedure  recordings  were  not  made  more 
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frequently  than  once  a  week.  The  animals  were  placed  in  the  metabolism  apparatus 
from  time  to  time  so  that  they  would  be  accustomed  to  the  procedure  when  expert 
ments  were  performed.  Experience  showed  this  to  be  an  effective  means  of  minimizing 
animal  movement. 

As  a  rule,  oxygen  consumption  was  recorded  for  periods  of  one  hour.  The  best 
records  for  periods  of  15  minutes,  those  in  which  the  animal  moved  a  minimum 
amount  and  in  which  he  did  not  sleep,  were  used  for  calculations.  Although  extreme 
care  was  exercised  for  keeping  the  animals  quiet,  many  observations  were  discarded 
because  of  excessive  movement. 

The  rate  of  oxygen  consumption  was  calculated  in  terms  of  Calories,  per  sq.M. 
of  body  surface,  per  day.  In  arriving  at  these  results  the  value  used  for  the  R.Q. 
was  0.745  (14)  and  the  surface  area  of  the  rat  was  calculated  from  the  body  weight 
by  the  Lee  formula  (15)  (S  =  12.54  W®  *®)  in  which  surface,  S,  is  expressed  in  sq.  cm., 
and  weight,  W.  in  gm. 

RESULTS 

In  the  female  rats  of  Group  I,  which  had  received  50  micrograms  of  diethyh 
stilbestrol  daily  for  3.5  months,  measurements  of  oxygen  consumption  started  on 
3/1.  Determinations  were  made  at  least  every  2  weeks  for  a  period  of  2  months  and 
points  on  the  graphs  represent  averages  of  oxygen  consumption  (fig.  i).  The  data 
for  the  controls  were  discarded  for  the  first  and  the  last  fortnightly  periods  since 
these  tests  were  marred  by  considerable  movement.  On  3/15  the  average  for  the 
controls  was  686  Cal./sq.M./day,  while  the  animals  treated  with  diethylstilbestrol 
produced  728.  During  the  next  month  the  averages  for  treated  female  animals  re' 
mained  above  those  of  the  controls  (fig.  i). 

Weights  were  included  in  the  graphs  because  they  gave  some  indication  of  the 
animal’s  condition  during  the  experiment.  The  weights  of  the  female  controls  (fig. 
1)  were  a  little  below  normal  for  rats  of  their  age.  This  probably  was  due  to  the  fasts 
in  preliminary  determinations.  Although  the  controls  and  the  treated  animals  weighed 
about  the  same  when  treatment  was  initiated,  the  latter  showed  only  shght  gains  in 
weight.  This  seemed  to  be  due  to  the  decreased  consumption  of  food  and  the  mild 
anorexia  which  was  observed  in  rats  under  treatment  with  estrogen. 

The  caloric  production  for  males  of  Group  I  (fig.  2)  was  similar  to  that  for  the 
females  in  the  group.  In  the  case  of  the  males,  observations  on  the  controls  were 
discarded  during  the  first  month  because  of  excessive  movement.  On  4/15,  the  first 
period  in  which  observations  on  the  controls  were  used,  an  unexplained  drop  in 
caloric  output  occurred  in  the  animals  which  received  diethylstilbestrol.  During  the 
next  month  the  average  caloric  production  of  the  animals  receiving  diethylstilbestrol 
was  above  that  of  the  controls. 

The  control  weights  were  within  the  range  for  normal  male  animals  of  their  age, 
but  the  ones  treated  with  diethylstilbestrol  failed  to  gain  materially  after  they 
reached  a  body  weight  of  150  gm. 

Since  these  results  indicated  that  prolonged  treatment  of  rats  with  diethyh 
stilbestrol  had  a  calorigenic  effect,  a  second  group  of  experiments  was  set  up.  The 
animals  used  in  this  phase  of  the  study  were  subjected  to  a  period  of  preliminary 
training  following  which  measurements  of  oxygen  consumption  were  started  simuh 
taneously  with  the  initiation  of  treatment  (100  /ug.  of  diethylstilbestrol  daily). 

The  female  rats  of  Group  II  (fig.  3)  had  passed  their  peak  of  maximum  growth  and 
the  oxygen  consumption  had  decreased  to  a  normal  level  when  injections  were 
started.  The  rats  which  were  to  be  given  diethylstilbestrol,  picked  at  random, 
proved  to  weigh  a  Uttle  more  and  to  show  a  slightly  lower  oxygen  consumption 
than  their  controls. 
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Oxygen  consumption  in  females  treated  with  diethylstilbestrol  remained  below 
that  of  the  controls  for  about  6  weeks  and  then  went  above  the  control  levels.  This 
was  brought  about  by  an  increase  in  the  caloric  production  of  animals  which  re' 
ceived  diethylstilbestrol  and  a  decreased  production  by  the  controls.  The  caloric 
output  for  the  experimental  animals  remained  higher  for  about  3  weeks  after  which 
time  comparisons  could  not  be  made  since  the  values  for  the  normal  rats  had  to  be 
discarded  because  of  excessive  movement.  Only  a  minor  loss  of  weight  occurred  in 
the  females  which  received  diethylstilbestrol. 

The  males  of  Group  II  (fig.  4)  underwent  the  same  type  of  treatment  as  the  females 


—— Coloriej  ( normal )  - Wei<)ht  (normal) 

Calories  (trtoted)  - Weiqht  (treated) 

Fig.  1-4.  All  graphs  represent  averages  of  weights  and  Calories  produced  by  normal  and  treated 
rats.  Treated  animab  in  figure  1  and  2  received  50  micrograms  of  diethybtilbestrol  daily  which  started 
3.5  months  before  the  experiment.  Treated  animab  in  figure  3  and  4  received  100  micrograms  of  diethyb 
stilbestrol  daily  beginning  with  the  experiment. 


in  this  group.  Preliminary  measurements  of  oxygen  consumption  were  made  and  on 
7/15  the  experimental  data  were  recorded.  The  values  for  the  period  before  diethyl- 
stilbestrol  was  given  showed  some  differences  in  heat  production,  those  for  the  con¬ 
trol  series  being  about  90  Calories  higher  than  for  the  diethylstilbestrol  series. 
In  general,  this  relationship  between  the  normal  and  treated  animals  was  maintained 
for  about  5  weeks,  at  which  time  the  caloric  production  of  rats  treated  with  diethyl- 
-  stilbestrol  increased  and  that  of  the  controls  decreased.  Thus,  after  about  5  weeks  of 
treatment  the  values  for  the  experimental  animals  were  higher  than  the  values  for 
the  controls,  a  relationship  which  was  maintained  for  a  month,  when  the  experiment 
was  discontinued. 
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The  average  weights  of  the  control  and  experimental  male  animals  were  about 
the  same  at  the  beginning  of  the  experiment  (7/ 15).  However,  after  diethylstilbestrol 
was  given,  the  rats  failed  to  gain  materially,  while  the  controls  showed  a  progressive 
increase  in  weight  (fig.  4). 

The  relationship  between  the  curves  for  weight  and  caloric  production  in  figure 
4  is  of  interest  because  of  the  indication  that  the  rats  had  reached  the  period  in 
their  growth  when  oxygen  consumption  had  started  to  decrease,  although  the 
weights  of  the  controls  were  still  increasing  rapidly. 

DISCUSSION 

The  results  in  these  studies  indicate  that  rats  which  have  been  treated  with 
diethylstilbestrol  for  3.5  months  show  a  rate  of  oxygen  consumption  (converted  into 
Cal.)  that  is,  in  general,  above  that  of  their  controls.  When  determinations  on  the 
oxygen  consumption  of  rats  were  made  from  the  onset  of  treatment  with  diethyl- 
stilbestrol,  a  latent  period  of  5  to  6  weeks  was  required  for  the  heat  production  of  the 
experimental  animals  to  exceed  that  of  their  controls.  It  should  be  noted  that  some 
overlapping  of  the  values  for  treated  and  control  animals  occurred,  and  that  the 
data  represent  averages  of  several  determinations.  In  spite  of  this  overlapping,  there 
was  an  indication  of  a  definite  increase  in  the  consumption  of  oxygen  in  each  of  the 
four  groups  of  experimental  animals. 

The  values  for  Calories  which  were  produced  by  the  control  animals  in  Group  I 
and  near  the  end  of  the  experiment  in  Group  II  were  somewhat  lower  for  the  rat 
than  have  been  reported  by  certain  other  workers.  However,  it  was  necessary  to  take 
into  account  the  fact  that  these  particular  rats  had  passed  the  peak  of  maximum 
growth  and  accordingly  their  heat  production  had  decreased. 

Diethylstilbestrol  had  a  delayed  effect  in  raising  the  rate  of  oxygen  consumption 
in  animals  in  Group  II.  This  observation  may  offer  an  explanation  for  the  negative 
results  which  have  been  obtained  by  some  investigators  in  acute  experiments.  In 
this  regard,  Kochakian  (16)  observed  that  testosterone  had  no  calorigenic  action  when 
given  for  3  days  to  castrate  dogs.  Danforth  et  al.  (ii)  found  that  female  sex  hormones 
did  not  affect  the  oxygen  consumption  of  female  rats  after  treatment  for  one  week. 
Geriola  (13),  who  made  acute  experiments  over  5-hour  periods  in  guinea  pigs  and  in 
man,  observed  a  reduction  in  the  basal  metabolic  rate  following  injections  of  fol- 
liculin.  On  the  other  hand,  the  rise  in  the  B.M.R.  reported  in  hypogonad  individuals 
and  castrates  after  the  administration  of  male  or  female  hormones  was  most  marked 
after  treatment  was  continued  for  a  month  (3,7).  Although  the  latter  observations 
were  made  on  man,  they  seem  to  be  in  agreement  with  our  work  on  the  rat. 

In  attempts  to  ascertain  the  mechanism  of  sex  hormone  action  in  modifying  the 
basal  metabolic  rate  several  investigators  have  shown  that  a  definite  relationship 
exists  between  the  sex  hormones  and  the  thyroid  (ii,  17-21).  When  thyroid  was 
given  to  normal  or  thyroidectomized  animals  an  elevation  in  the  B.M.R;,  which 
persisted  for  several  days,  was  observed.  On  the  other  hand,  when  an  estrogenic 
substance  was  administered  coincident  with  the  cessation  of  thyroid  treatment,  the 
metabolic  rate  returned  to  a  basal  level  more  rapidly,  or  if  the  sex  hormone  was  given 
at  the  same  time  as  thyroid  substance,  the  thyroid  effect  was  absent  or  reduced. 

Furthermore,  the  existence  of  a  considerable  body  of  data  which  show  that  cas¬ 
trated  or  hypogonadal  individuals  have  basal  levels  below  normal  would  lead  one 
to  believe  that  such  individuals  are  deficient  in  thyroid  function.  This  condition  may 
be  due  to  the  thyroid  directly  (19)  or  indirectly  through  the  pituitary  (4). 

Accordingly,  there  is  pertinent  evidence  which  suggests  that  the  gonads  may 
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Stimulate  the  thyroid  while  other  reports  indicate  that  they  may  be  antagonistic 
to  it.  While  the  present  studies  offer  supportive  evidence  for  the  belief  that  estro' 
genic  hormone  increases  the  rate  of  oxygen  consumption,  they  do  not  indicate  the 
mechanism  of  this  action. 

SUMMARY 

Studies  have  been  made  on  the  oxygen  consumption  of  two  groups  of  rats. 
The  first  group  received  subcutaneous  injections  of  50  micrograms  of  diethyh 
stilbestrol  daily,  treatment  starting  3.5  months  before  observations  were  made,  while 
the  second  group  of  rats  received  100  micrograms  daily,  beginning  with  the  initiation 
of  observations.  The  averages  of  the  determinations  for  the  first  group  showed  higher 
caloric  production  for  the  experimental  animals,  while  this  effect  was  not  observed 
in  the  second  group  until  the  rats  had  received  injections  of  diethylstilbestrol  for 
about  6  weeks.  These  observations  offer  additional  evidence  for  the  calorigenic  action 
of  sex  hormones. 
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TOTAL  IODINE  AND  THYROXINE  OF  THE 
THYROID  AFTER  HYPOPHYSECTOMY 

EMIL  J.  BAUMANN,  NANNETTE  METZGER  and  DAVID  MARINE 
From  the  Laboratory  Division,  Montefiore  Hospital 

NEW  YORK  CITY 

The  question  whether  the  thyroid  gland  can  form  its  hormone  after  hypO' 
physectomy  was  raised  by  Morton,  Perlman,  Anderson  and  Chaikoff  (i), 
whose  experiments,  in  which  radio'active  iodine  was  used  as  a  tracer,  indicated 
that  the  thyroxine  content  of  thyroids  of  hypophysectomized  rats  was  reduced  to  a 
minimum.  Since  the  histological  appearance  of  the  thyroid  in  hypophysectomy  is 
similar  to  that  of  a  fully  iodised,  resting  gland,  this  would  mean  that  the  dense 
colloid  of  such  tissue  would  have  to  be  nearly  free  from  thyroxine.  Colloid  from  a 
resting  (an  iodised)  mammalian  thyroid  that  contains  no  thryoxine  has  hitherto  not 
been  known  to  exist.  The  experiments  of  Morton  et  al.  (i)  indicated  that  injected 
iodide  was  converted  readily  enough  to  diiodotyrosine  in  the  thyroid  of  hypo- 
physectomised  rats,  but  that  the  thyroxine  fraction  was  much  smaller  than  that  found 
in  the  thyroid  of  normal  rats.  The  criticism  we  make  of  this  work  is  that  the  thyroid 
after  hypophysectomy  is  so  fully  saturated  with  colloid  that  its  capacity  for  taking 
up  additional  iodine  is  very  small,  a  fa,ct  which  the  California  investigators  appreci' 
ated.  Further,  the  excretion  of  thyroid  hormone  from  the  gland  is  at  so  low  a  level 
that  there  would  be  little  opportunity  for  even  a  tracer  dose  of  I*  to  take  part  in  an 
interchange  in  pre-existing  thyroxine  molecules  during  the  few  days  in  which  I'** 
can  be  detected.  On  the  other  hand  Leblond  and  Sue  (2),  using  a  large  dose  of  I* 
(0.75  mg.)  in  hypophysectomized  rats  found  most  of  the  radioactivity  of  the  thyroid 
in  the  inorganic  fraction.  But  in  these  experiments  which  has  a  half-life  of  less 
than  I  hour,  was  used;  hence  their  experiments  could  be  carried  on  for  an  even 
shorter  time  than  were  those  of  Morton  et  al.  But  the  interesting  question  as  to 
whether  the  hypophysis  is  necessary  for  the  manufacture  and  storage  of  thyroxine 
can  be  answered  far  more  directly  by  measuring  the  absolute  I  distribution  in  the 
various  thyroid  fractions.  The  rat  thyroid  is  too  small  to  make  such  estimations  satis¬ 
factorily,  but  with  the  thyroid  gland  of  dogs  this  can  be  done. 

We  had  in  the  laboratory  a  number  of  thyroids  of  hypophysectomized  dogs.^ 
The  hypophysectomies  were  of  varying  degrees  of  completeness;  the  dogs  had  lived 
for  periods  varying  from  a  few  weeks  to  20  months.  The  tissues  had  been  kept  in  4 
per  cent  formaldehyde  solution  for  about  a  year.  Some  of  these  were  analyzed  for  their 
thyroxine  content  by  Blau’s  (3)  modification  of  the  Leland  and  Foster  method  in  order 
to  determine  whether  thyroxine  is  stored  under  these  conditions.  It  is. 

The  amount  of  total  I,  thyroxine  I,  the  histological  appearance  of  the  thyroid  and 
the  degree  of  completeness  of  hypophysectomy,  together  with  other  pertinent  data, 
are  shown  in  table  i.  Thyroid  hyperplasia  develops  when  the  store  of  I  falls  below 
approximately  i  mg.  of  I  per  gm.  of  dry  tissue  (4).  The  total  I  of  the  thyroids  of  the 
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hypophysectomi^ed  dogs  is  mostly  above  2  mg.  per  gm.,  ranging  from  i.o  to  3.5  mg. 
per  gm.  Corresponding  to  these  high  levels  of  I,  all  of  the  thyroids  had  alveoli  well 
611ed  with  dense  colloid.  The  epithelium  was  flat,  the  extent  of  involution  varying 
in  general  with  the  completeness  of  hypophysectomy,  but  all  showed  a  high  degree 
of  involution.  Those  dogs  which  were  completely  hypophysectomized  or  nearly  so, 
dogs  127,  116,  126,  were  among  those  in  which  the  thyroids  had  the  highest  total  I 
content.  Likewise,  the  thyroxine  I  of  these  glands  was  the  highest  of  the  group. 
On  the  other  hand,  in  dog  32,  a  large  amount  of  regenerating  anterior  pituitary  tissue 
was  found  which  was  functioning  to  a  considerable  degree  as  shown  by  the  normal 


Table  i.  Fbactionation  of  thyroid  I  m  hypophysectomized  dogs 


Thy' 

roid 

Weight 

Total 

I 

Thy' 

roxine 

I 

Thyroxine  I 

Duration 
of  Hypo' 
physectomy 

Hypoph' 

ysis 

Found  at 
Autopiyi 

Thyroid 

Follicular 

Epithelium 

Adrenal 
Cortex,  Fasc. 
Zone 

Total  I 

gm. 

mg./gm. 

mg./gm. 

% 

WO. 

1.8 

3-?4 

0.98 

27.8 

0.6 

± 

Hat 

Normal 

2.0 

2.88 

0.81 

28.0 

1.2 

0 

Flat 

Slightly  narrowed 

4.0 

2.6y 

0.76 

28.7 

1.0 

0 

Flat 

Atrophic 

1.6 

2.71 

0.72 

26.7 

18 

+++ 

Flat  cuboidal 

Normal 

t-4 

3-3t 

0.67 

20.3 

2 

+ 

Flat  cuboidal 

Narrowed 

1.6 

2.84 

0.66 

23.  i 

14 

+++ 

Flat 

Normal 

1-3 

2.80 

0.62 

22.2 

2 

++ 

Flat 

Narrowed 

1.  I 

2.24 

0.38 

17. 1 

I? 

+++ 

Cuboidal 

Normal 

1.49 

0.28 

18.8 

8 

++ 

Hat  cuobidal 

Narrowed 

1-3 

1.41 

0.22 

iy.6 

20 

+++ 

Flat  cuboidal 

Normal  (infection) 

0.9 

1.04 

0.15 

14-4 

14 

± 

Flat  cuboidal 

Atrophic 

‘  ± ,  trace;  +,  small  fragment;  ++,  moderate  fragment;  +++,  large  fragment. 


adrenal  cortex  and  the  cuboidal  epithelium  of  its  thyroid;  the  thyroid  contained 
less  than  half  as  much  thyroxine.  And  for  the  most  part,  the  thyroids  of  incom^ 
pletely  hypophysectomized  animals  contained  rather  less  thyroxine  than  those  of  the 
completely  hypophysectomized  dogs,  although  all  of  the  values  were  well  within 
the  range  of  normality. 

In  table  2  similar  data  on  8  control  thyroids  are  given.  They  were  obtained  from 
dogs  which  had  been  used  for  various  pharmacological  demonstrations  (action  of 
strychnine,  atropine).  They  were  fixed  in  4  per  cent  formaldehyde  before  analysis 
to  make  their  condition  comparable  to  that  of  the  thyroids  from  the  hypophysecto- 
mized  dogs.  Histological  examination  and  analysis  of  these  glands  for  I  showed  them 
all  to  be  within  normal  range.  Total  I  varied  from  i.ii  to  4.94  mg.  per  gm.  and  the 
thyroxine  I  from  0.20  to  1.52  mg.  per  gm. 

These  data  lead  us  to  believe  that  the  thyroid  can  store  and  possibly  manufacture 
thyroxine-containing  colloid  in  the  absence  of  the  pituitary.  Since  the  thyroids  of 
partially  hypophysectomized  dogs  contained  somewhat  less  thyroxine,  ability  to  ex- 
Crete  thyroid  hormone  is  indicated  if  any  anterior  pituitary  tissue  is  left.  Such  an 
inference  is  strengthened  by  the  low  thyroxine  value  found  in  dog  ii,  which  had  a 
severely  infected  leg.  It  is  known  that  under  such  conditions,  there  is  often  an  in' 
creased  excretion  of  hormone  from  the  thyroid.  One  can,  therefore,  state  that  in 
the  hypophysectomized  dog  there  is  a  normal  relation  of  total  and  thyroxine  I  to 
histological  structure. 

These  data  give  us  no  information  as  to  the  production  of  thyroxine  after  hypo- 
physectomy  since  the  storage  of  I  and  thyroxine  may  be  due  to  transportation  of  I 
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Table  a.  Fractionation  of  thyroid  I  in  normal  dogs 


Dog  No. 

Thyroid 

Weight 

Total  I 

Thyroxine  1 

Thyroxine  I 
Total  I 

Thyroid  Follicular 
Epithelium 

gm. 

mg./gm. 

mg./gm. 

% 

I 

1.3 

1.63 

0.51 

Ji-J 

Cuboidal 

2 

0.84 

4.08 

1.38 

JJ.8 

Flatcuboidal 

3 

0.70 

1.39 

0.37 

19.3 

Cuboidal 

4 

0.03 

I. II 

0.30 

17.9 

Cuboidal 

5 

1.43 

1-94 

1. 19 

30.3 

Flat  cuboidal 

6 

1.16 

3.33 

0.67 

38.9 

Cuboidal 

7 

1. 10 

4-94 

I.J3 

30.6 

Flat  cuboidal 

8 

0.74 

4-94 

1.30 

36.3 

Flat  cuboidal 

from  body  tissues,  such  as  seems  to  occur  during  starvation.  We  hope  to  be  able  to 
put  this  point  to  a  direct  test  in  the  near  future. 

As  a  control,  it  was  necessary  to  determine  the  effect  of  storage  in  formaldehyde 
on  the  thyroxine  and  total  I  content  of  the  specimens.  For  this  purpose  human 
thyroids  were  used,  one  part  being  dried  in  vacuo  over  BaO  while  another  portion 
was  fixed  in  4  per  cent  formaldehyde  for  periods  of  several  days  to  a  month  before 
being  dried.  The  tissues  were  pulverized  and  dried  in  vacuo  over  BaO  again  before 
being  analyzed.  Examples  of  the  results  of  analyses  are  shown  in  table  3. 

Table  3.  Effect  of  formaldehyde  on  total  and  thyroxine  I  of  thyroid 


I 


Fresh  Thyroid 

Formaldehyde^  Fixed  Thyroid 

Specimen 

Number 

Total  I 

Thyroxine  I 

Thyroxine  I 
Total  I 

Total  I 

Thyroxine  I 

Thyroxine  I 
Total  I 

mg./gm. 

mg./gm. 

% 

mg./gm. 

mg./gm. 

% 

1 

2.24 

0.61 

29.1 

1.93 

0.45 

33.3 

2 

3-15 

0.74 

22.9 

a- 95 

0.43 

14.6 

3 

3.87 

1. 14 

39.3 

3-71 

0.97 

36.3 

There  is  a  definite  loss  of  I  in  formaldehyde  solution,  and  in  specimens  i  and  2 
relatively  more  thyroxine  I  than  total  I  is  lost.  Specimen  3  was  a  much  larger  pi^of 
tissue  than  the  other  two  and  so  presented  relatively  less  surface  to  the  solvent.  In 
part,  the  lower  thyroxine  values  are  probably  due  also  to  the  fixing  action  of  formalde¬ 
hyde.  Since  the  dog  thyroids  were  fixed  with  their  capsules  intact,  the  solvent  action 
of  the  formaldehyde  solution  is  probably  not  so  great;  the  data  on  the  analyses  in 
table  I  indicate  that  such  is  the  case. 

As  a  further  check  on  the  chemical  analyses  of  the  dog  thyroids,  the  metamorphos¬ 
ing  action  of  the  tissues  on  tadpoles  of  5  of  the  hypophysectomized  and  oiie  normal 
dog  thyroid  was  studied.  Portions  of  these  dried  ground  specimens  were  passed 
through  fine  silk  bolting  cloth.  Single  doses  of  i  and  2  mg.  were  added  to  pint  dishes, 
each  containing  250  cc.  of  tap  water  and  5  tadpoles  (rana  sylvatica)  selected  for  uni¬ 
formity  of  size  and  development.  The  rate  at  which  metamorphosis  took  place  varied 
directly  with  the  I  and  thyroxine  content  of  the  thyroids.  In  5  days  a  single  2-mg.  dose 
of  the  most  active  specimens  caused  the  tadpoles  to  change  to  a  marked  kite  form,  with 
tail  absorption  and  shrinkage  to  about  one-fourth  of  their  original  size  as  indicated  in 
table  4.  With  the  i-mg.  dose  of  the  same  preparations,  metamorphosis  proceeded  simi¬ 
larly  but  at  a  slower  rate,  so  that  it  took  more  than  twice  as  long  to  reach  the  same 


L 


36a  EMIL  J.  BAUMANN,  N ANNETTE  METZGER  AND  DAVID  MARINE  Volume  31 


I 


stage.  Here,  too,  the  rate  of  metamorphosis  varied  directly  with  the  thyroxine  content 
of  the  thyroids. 


Table  4.  Rate  of  metamorphosis  op  tadpoles  after  a  mo.  op  dried  thyroid  from  normal 

AND  HYPOPHYSECTOMIZED  DOGS 


Dog  Number 

1st  day 

and  day 

3rd  day 

4th  day 

yth  day 

Normal,  i 

0 

± 

+ 

+ 

++ 

68 

± 

± 

+ 

+ 

+ 

66 

0 

± 

+ 

+ 

+ 

II6 

± 

± 

+ 

++ 

++ 

126 

0 

± 

+ 

+  + 

+++ 

127 

0 

'  0 

++ 

+++ 

++++ 

o,  no  change  or  very  slight  shrinkage  back  of  gills;  ± ,  slight  shrinkage  back  of  gills;  +,  sUght  kite 
shape,  moderate  shrinkage  back  of  gills;  +++,  moderate  kite  shape,  marked  shrinkage  b^k  of  gills; 
++4'+,  marked  kite  shape,  nearly  complete  tail  absorption. 


It  is  concluded  that  the  thyroid  can  store  and  possibly  produce  thyroxine-contain' 
ing  colloid  in  the  absence  of  hypophyseal  secretions. 
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RESPONSE  OF  FASTED  AND  NONTASTED  CHICKS 
TO  INSULIN'  * 

DAVID  F.  OPDYKE* 

From  the  Department  of  Zoology,  Indiana  University 

BLOOMINGTON,  INDIANA 

Golden  and  long  have  pointed  out  in  a  recent  paper  (i)  that  the  chick  has  be- 
come  a  standard  laboratory  animal  and  that  it  is  highly  desirable  to  know 
whether  chjcks  can  be  compared  to  mammals  as  test  animals.  Too  little  work 
has  been  done,  particularly  in  the  held  of  carbohydrate  metabolism,  for  comparisons 
to  be  drawn  between  birds  and  mammals  at  this  time.  Due  to  the  insistence  of  early 
investigators,  the  avian  species  have  been  tagged  as  being  ‘insulin  resistant’  without 
qualifying  the  nature  of  this  resistance.  This  idea  undoubtedly  has  discouraged  exten' 
sive  research  on  the  carbohydrate  metabolism  of  birds.  Actually,  the  fact  that  avian 
species  can  withstand  huge  doses  of  insulin  makes  them  more  interesting,  and  the 
results  possibly  more  informative.  Two  inadequacies  are  apparent  in  the  literature. 
The  effect  of  neither  large  nor  small  doses  of  insulin  has  been  followed  beyond  the 
6rst  few  hours.  With  small  or  ‘physiologic’  doses,  short  time  series  may  suffice,  but  as 
Riddle  and  Opdyke  (2)  have  reported  in  the  pigeon,  very  significant  effects  can  be  Ob' 
served  as  long  as  24  to  72  hours  after  large  doses  of  insulin.  It  cannot  be  emphasised 
too  strongly  that  the  administration  of  large  doses  of  insulin  should  not  be  regarded 
as  physiological  any  more  than  it  is  permissible  to  regard  hypophysectomy  as  a  normal 
physiological  event,  but  such  procedures  are  valuable  tools  of  experimental  study. 
For  a  review  of  the  literature  concerning  the  carbohydrate  metabolism  of  the  avian 
species  the  reader  is  referred  to  the  excellent  review  contained  in  the  paper  of  Golden 
and  Long  (i). 

The  work  to  be  reported  here  falls  rather  sharply  into  two  categories:  a),  the 
effects  of  low  dosages  of  insulin  on  the  blood  glucose  of  chicks,  and  b),  the  effects  of 
high  dosages  of  insulin  on  the  blood  glucose  and  liver  glycogen  of  fasted  and  non- 
fasted  chicks. 

MATERIALS  AND  METHODS 

TTie  chicks  used  in  this  work  were  cockerels  of  the  single  comb  White  Leghorn 
variety.  They  were  received  from  the  hatchery  when  one^day  old,  placed  in  an  eleC' 
trically  heated  battery  brooder  and  provided  with  Wayne  Chick  Starter  mash  and 
water  at  all  times.  The  chicks  attained  a  weight  of  250  to  300  gm.  at  30  to  40  days  of 
age  and  were  used  at  this  time.  These  weights  were  carefully  observed  when  the 
chicks  were  to  be  used  for  testing  the  effect  of  low  dosages  of  insulin  and  only  chicks 
weighing  250  and  not  more  than  300  gm.  were  used.  However,  after  a  14'hour  fast, 
losses  of  about  10  per  cent  of  the  non-fasted  weight  were  observed. 

A  rigid  time  schedule  was  adhered  to  in  studying  the  effect  of  low  doses  of  insulin. 
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The  chicks  (in  groups  of  10)  were  taken  frcxn  the  brooder,  weighed,  toe-marked  and 
put  to  fast  at  7:00  P.M.  Control  blood  sugars  were  drawn  at  9:00  the  next  morning, 
followed  by  weighing  and  injection  at  9: 30  A.M,  Blood'sugar  samples  were  usually 
taken  at  1.5,  3  and  5  hours  after  injection  as  in  the  standard  rabbit  assay  procedure. 
The  same  chick  was  never  used  twice. 

Chicks  used  for  the  injection  of  large  doses  of  insulin  ranged  from  200  to  300  gm. 
in  weight.  If  fasted,  they  began  their  fast  at  10:00  A.M.  and  blood  samples  were 
taken  at  10:00  A.M.  one,  two  or  three  days  later,  depending  upon  the  number  of 
injections  they  received.  The  birds  were  provided  with  water  throughout  the  fast, 
as  were  the  chicks  receiving  low  dosages  of  insulin.  When  both  blood  sugar  and  liver 
glycogen  samples  were  taken  on  the  same  chick,  the  blood'sugar  sample  was  taken 
6rst. 

Blood  glucose  was  determined  on  o.i  cc.  of  blood  by  the  method  of  Hagedom 
and  Jensen  as  given  in  Peters  and  Van  Slyke  (3).  Control  determinations  made  on 
standard  glucose  solutions  were  in  close  agreement  with  the  expected  results.  The 
blood  was  obtained  by  puncture  of  the  wing  vein.  The  usual  procedure  was  to  pluck 
the  down  from  over  the  vein,  wipe  the  area  with  dilute  alcohol,  dry  with  absorbent 
cotton  and  puncture  with  a  dissecting  needle.  The  blood  was  allowed  to  collect  in 
the  natural  pocket  formed  by  the  two  wing  bones  and  was  taken  up  directly  into  the 
blood  pipette.  No  anticoagulant  was  used  as  clotting  is  slow  if  care  is  taken  to  punc' 
ture  the  vein  on  the  first  attempt.  With  practice  one  operator  can  handle  a  chick  a 
minute  by  this  method. 

Liver  glycogen  was  determined  by  the  method  of  Good,  Kramer  and  Somogyi  (4). 
The  liver  sample  was  obtained  under  nembutal  anesthesia  (0.15  cc.  of  a  6.5  per  cent 
solution,  intravenously).  The  left  median  lobe  of  the  liver  was  always  taken  as  a 
sample.  Usually  the  whole  operation  required  slightly  more  than  one  minute. 

Unmodified  insulin^  was  used  throughout  these  experiments.  When  dilutions  were 
necessary,  the  diluting  fluid  was  acidified  distilled  water,  pn  2.4,  with  0.2  per  cent 
phenol  added.  The  dilutions  were  made  in  such  a  fashion  that  the  volume  injected 
was  always  0.5  cc.  All  injections  were  intramuscular. 

A  total  of  599  chicks  was  used  in  this  study. 

RESULTS  AND  DISCUSSIONS 

Effects  of  low  dosages  on  fasted  chicks.  It  seems  desirable  to  present  the  control 
figures  which  have  accumulated  in  the  course  of  this  investigation  in  view  of  the 
scarcity  of  established  figures  on  the  carbohydrate  levels  in  the  fowl  (table  i).  The 
non'fasted  blood  glucose  level  of  188  mg.  per  cent  for  chicks  weighing  less  than  300 
gm.  and  the  liver  glycogen  values  for  both  fasting  and  non-fasting  chicks  are  in  close 

Table  1.  Control  blood  olucxme  and  ltver  glycogen  leveu  of  fasted  and  non'Fasted 

30-40'DAY'OLD  CHICKS 


No.  of  Chicks 

Hours  Fasted 

Blood  Glucose 
rag.  % 

-  Liver  Glycogen 
rag.  %  <r* 

68 

0 

i88±i.49 

ajjo±i9.y  (ai) 

388 

14 

ija±o.56 

i53±i7-7  (15) 

14 

14 

I48±i.9 

a6o±aa.i  (7) 

12 

48 

153±  1-9(7) 

3i6±33-5 

10 

71 

i69±3.o 

a48±34.7 

*  The  insulin  (Iletin)  was  supplied  by  Eli  Lilly  Co.,  Indianapolis,  Ind. 
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agreement  with  the  figures  recently  published  by  Golden  and  Long  (i),  but  their 
24'hour 'fasted  blood  glucose  value  of  i8a  mg.  per  cent  is  much  higher  than  the  com' 
parable  value  of  148  mg.  per  cent  reported  here.  If  the  figures  given  by  Golden  and 
Long  represent  standard  errors,  then  less  variability  is  noted  in  these  values  than  in 
those  reported  by  the  above  authors.  The  difference  between  the  non'fasted  value 
of  188  mg.  per  cent  and  the  i4'hour'fa8ted  blood  glucose  value  of  152  mg.  per  cent 
is  highly  significant,  the  critical  ratio®  being  5.75.  Fourteen  hours  fasting  is  as  effective 
as  24  or  48  hours  in  lowering  the  carbohydrate  stores.  A  slight  seasonal  variation  is 
suspected  but  the  differences  are  too  small  to  be  significant. 


Table  3.  Effect  of  low  dosages  of  insulin  on  250-300'GM.  chicks  fasted  14  hours 


Dose  in 

No.  of 

%  Change  of  Blood  Glucose  at 

Units/kg. 

Chicks 

3  hours 

5  hours 

o.y 

49 

-  6.6±‘i.3(48) 

O'm 

+  1.3±1.3 

I.O 

48 

— 39.8±4.o 

-io.6±i.9(37) 

-f4-r±i-3  (38) 

1-5 

49 

-39-8±i.7 

—  i3.9±i.8  (40) 

+7-7±r-y  (40) 

3.0 

39 

—  43.7±3.3 

—  i9.i±3.3 

+7.8±i.8 

Table  2  presents  the  data  obtained  by  the  use  of  four  different  levels  of  insulin 
dosage  in  chicks  fasted  14  hours  and  measuring  the  response  at  1.5,  3  and  5  hours 
after  injection.  The  response  to  relatively  fight  doses  of  insulin  is  recorded  as  the 
percentage  decrease  in  the  blood  glucose,  each  animal  serving  as  its  own  control.  The 
average  of  each  group  was  determined  by  averaging  the  percentage  decrease  of  each 
individual  in  the  group.  These  measurements  were  made  during  February  and  March, 
1942,  during  which  time  the  daily  fluctuations  of  temperature  were  more  or  less  con' 
I  stant.  It  is  noteworthy,  however,  that  changes  in  temperature  will  materially  alter 

the  response  to  a  given  dose.  During  the  unseasonably  warm  weather  of  April  the 
response  to  0.5  unit/kg.,  1.5  hours  after  injection,  rose  from  — 17.6  to  —  25.3  per  cent. 
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Significantly,  the  data  obtained  from  the  chick  agree  with  that  on  the  rabbit  in  this 
respect. 

The  intervals  of  1.5,  3  and  5  hours  were  chosen  arbitrarily  and  are  without  particu' 
lar  significance.  It  is  probable  that  the  response  at  1.5  hours  does  not  represent  the 
minimal  blood  glucose  value.  Samples  were  taken  on  30  animals  45  and  90  minutes 
after  the  injection  of  0.5  unit/kg.  in  an  attempt  to  locate  a  point  at  which  the  re¬ 
sponse  would  be  greater.  The  percentage  decrease  at  45  minutes  was  — 17.6  per  cent 
and  at  90  minutes  —8.9  per  cent.  This  odd  result  can  be  explained  only  by  assuming 
that  the  extra  handling  of  the  birds  accelerated  the  recovery  phase.  This,  too,  is  un¬ 
usual,  because  a  spontaneous  emotional  hyperglycemia  has  never  been  observed  in 
the  normal  untreated  chick  in  spite  of  intentional  attempts  to  produce  this  effect. 

The  data  of  table  2  become  more  interesting  if  they  are  plotted  as  shown  in 
figure  I. 


Fig.  a.  Effect  of  low  doses  of  insulin  on  250-300-0^1.  chices  fasted  14  hours  one  and  one-half 

HOURS  AFTER  INJECTION. 

Perhaps  the  most  striking  facts  are  that  the  duration  of  the  hypoglycemia  bears 
an  inverse  relation  to  the  dosage,  and  that  the  higher  doses  result  in  the  greatest  over¬ 
compensation.  These  relations  are  quite  the  reverse  of  those  reported  in  the  rabbit  by 
Scott  and  Dotti  (5)  who  observed  that  the  duration  of  the  hypoglycemia  varied  di¬ 
rectly  with  the  dose  and  that  only  the  lighter  doses  gave  over-compensation.  The 
differences  between  the  responses  at  5  hours  after  injection  are  significant,  the  critical 
ratio  between  the  response  to  0.5  and  1.5  units/kg.  being  3.38  and  between  0.5  and 
2.0  units/kg.  being  2.53.  However,  the  extreme  variability  encountered  obscures  this 
observation  unless  frirly  large  groups  are  compared. 

A  straight  line  relationship  is  obtained  if  the  response  to  different  dosage  levels 
1.5  hours  after  injection  is  plotted  against  the  logarithm  of  ihe  dose  (fig.  2).  This 
relationship  is  especially  interesting  because  it  holds  over  a  relatively  wide  range  of 
dosage,  o  to  1.5  units/kg.  Scott  and  Dotti  (5)  have  observed  such  a  relationship  in 
rabbits,  but  their  curve  flattened  out  above  0.5  unit/kg.  Hrubetz  (6)  has  made  the 
same  observation  on  rats  and  suggests  that  the  relation  breaks  down  as  a  result  of  the 
.  increasing  proportion  of  nonfermentable  reducing  substances  in  the  blood  as  the  true 
blood  glucose  disappears.  If  this  be  true,  then  the  wider  range  exhibited  by  the  chick 
may  be  due  to  the  higher  initial  level  of  blood  glucose.  An  alternative  explanation 
might  be  made  in  view  of  the  over-cennpensation  elicited  by  the  higher  doses.  The 
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higher  doses  of  insulin  result  in  a  greater  secretion  of  epinephrine,  thus  reducing  the 
hypoglycemic  effect  of  the  insuUn.  The  lighter  doses  would,  therefore,  appear  to 
be  more  effective  proportionately  than  the  heavier  doses.  As  a  consequence  of  the 
increased  epinephrine  secretion  the  recovery  is  more  prompt  in  the  chicks  receiving 
the  heavier  dose.  Evidently  the  ‘insulin-resistance’  insisted  upon  by  earlier  authors  is 
due  to  the  low  threshold  for  the  stimulation  of  the  adrenal  medulla.  It  must  be 
pointed  out  that  in  this  respect  the  fowl  is  actually  more  sensitive  to  insulin  than  the 
mammal.  Great  care  should  be  exercised  in  the  definition  of  the  ‘insulin  resistance’ 
exhibited  by  fowl.  In  reality,  resistance  to  insulin  shock  is  meant  in  most  cases.  The 
resistance  to  shock  is  undoubtedly  due  to  the  promptness  and  vigor  of  the  recovery 
phase. 

The  relationship  between  the  percentage  decrease  of  the  blood  glucose  and  the 
logarithm  of  the  dose  naturally  suggested  the  possibility  of  using  the  chick  for  the 
assay  of  insuUn.  Certain  technical  difficulties  prevented  an  exhaustive  investigation 
of  this  phase,  but  sufficient  results  were  obtained  to  indicate  that  the  chick  has  distinct 
possibilities  as  an  assay  animal  (table  3).  The  earlier  attempts  at  assay  (i,  2  and  3, 
table  3)  were  performed  on  groups  of  10  chicks  handled  exactly  as  those  in  table  2 


Table  3.  Results  of  assay  of  preparations  of  unmodified  insulin  on  ayo  to  joo-gm. 

CHICKS  FASTED  I4  HOURS 


Assay 

No. 

No.  of 
Chicks 

Assumed 

Dose, 

Units/kg. 

Actual 

E>08e, 

Units/kg. 

|H 

True 

Value 

%  Error 

I 

10 

1.0 

1-4 

30 

-21-33 

2 

10 

o.y 

0.73 

30 

+  6.66 

3 

9 

0.3 

0.73 

mSM 

30 

+  3-33 

9 

o.y 

0.144 

4 

9 

0-73 

0.332 

(ave.jii.y 

13-7 

—  14.60 

5 

1.0 

0.746 

28.2 

28.4 

—  0.70 

6 

21  ! 

0.3 

0.320 

18.0 

19.2 

—  6.25; 

7 

13 

0.73 

0.660 

24.0 

26.4 

-  9.09 

except  that  only  control  and  1.5'hour  samples  were  taken.  The  percentage  decrease 
of  the  blood  glucose  was  determined  and  the  unitage  of  the  solution  calculated  by  the 
use  of  figure  2  and  the  known  dilution  of  the  original  solution.  Later,  it  became  ap- 
parent  that  the  temperature  was  a  factor  and  that  it  would  be  necessary  to  run  a 
group  of  controls  injected  with  a  standard  dose  of  insulin  along  with  the  experimental 
animals  to  determine  the  slope  of  the  logarithmic  curve.  Facihties  and  technical  help 
were  lacking  to  handle  both  groups  simultaneously.  Fifteen  animals  represented  the 
maximum  number  of  birds  that  could  be  handled  in  one  day,  so  the  control  groups 
preceded  or  followed  the  experimental  groups  by  a  day  or  two.  Temperature  condi' 
tions  varied  considerably  during  these  periods,  thus  the  accuracy  of  the  assay  suffered 
greatly.  The  unknowns  for  assays  4,  5, 6  and  7  were  prepared  by  Dr.  W.  R.  Breneman 
and  assayed  by  the  author. 

The  large  error  found  in  assay  i  is  probably  due  to  the  large  dose  used.  The  aver' 
age  deviation  from  the  mean  increases  from  +  5.2  at  the  level  of  0.5  u  to  ±  8.9  at  the 
2.0'unit  level  and  for  this  reason  it  would  seem  advisable  to  keep  the  dosage  in 
the  neighborhood  of  0.5  u  per  g.  unless  a  very  large  group  of  animals  is  used.  The 
error  in  assay  4  can  only  be  blamed  on  the  lack  of  proper  controls.  The  error  of  the 
assays,  excluding  i  and  4,  range  from  less  than  i  to  slightly  more  than  9  per  cent.  This 
amount  of  error  is  surprisingly  low  considering  the  size  of  the  groups  and  the  error 
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introduced  by  the  method  of  handling  experimental  and  control  groups.  It  is  felt  that 
accurate  assays  could  be  made  if  the  size  of  the  groups  could  be  increased  and  controls 
receiving  a  standard  dose  of  insulin  run  simultaneously  with  the  experimental  group. 

Effects  of  high  doses  of  insulin  on  fasted  and  nonffasted  chict^s.  Only  a  few  workers 
have  carried  the  investigation  of  high  doses  of  insulin  in  the  birds  beyond  a  few  hours 
after  injection,  yet  some  of  the  most  interesting  phenomena  take  place  10  to  24  hours 
after  injection.  Riddle,  Honeywell  and  Fisher  (7)  reported  suprarenal  enlargement  in 
pigeons  after  heavy  doses  of  insulin;  Honeywell  and  Riddle  (8)  also  observed  high 
blood  glucose  levels  in  ring  doves  21  hours  after  a  single  heavy  injection  of  insulin. 
More  recently.  Riddle  and  Opdyke  (2)  have  reported  high  blood  glucose  and  elevated 
liver  glycogen  in  pigeons  24  hours  or  longer  after  injection  of  80  units/kg.  and  an 
intense  fatty  infiltration  of  the  liver  coincident  with  a  ketonemia  as  quickly  as  10 
hours  after  the  first  injection.  The  long-term  effects  of  heavy  insulin  dosage  on  fasted 
and  nonffasted  chicks  are  summarized  in  table  4. 

Table  4.  Long'Term  effects  of  moderately  high  doses  of  insulin  on  ooo-joO'Gm. 

FASTED  AND  NON'FASTED  CHICKS 


No.  of 
Chicks 

Dosage 

Hours 

Fasted 

Hours 

Last 

Injection 

Blood  Glucose 
mg.  %  <r* 

Liver  Glycogen 
mg.  % 

UnitsAg-/day 

No.  of 
days 

7 

60 

i 

0 

10 

i89±  6.0 

1J0±  26‘ 

14 

60 

1 

0 

24 

aa6±io.a 

4950  ±  002* 

23 

60 

2 

0 

24 

248±ii.6 

6840±  659* 

16 

60 

3 

0 

24 

259±  3-2 

3990±”33‘ 

5 

60 

4 

0 

13 

a74±24-i 

49^+  382 

68 

Contr 

)1 

0 

i88±i.49 

2550±  195* 

12 

120 

1 

24 

24 

i8a±  7.5 

434±  119 

12 

120 

2 

48 

24 

201 ± 10.4 

494±  82 

8 

120 

3 

72 

24 

aaj±ii.8 

4I2±  64 

M 

Contr 

24 

I48±  1.9' 

260  ±  22* 

12 

CkMitiol 

48 

M3±  3-9‘ 

326±  33.5 

10 

Control 

72 

i69±  3.0 

248±  34-7 

*  Mean  of  7  determinations. 

*  Mean  of  ai  determinations. 


The  non'fasted  chicks  stand  the  insulin  very  well.  Six  to  ten  hours  after  injection 
they  begin  to  eat,  and  although  no  measurements  of  food  intake  were  made,  they 
seem  to  have  an  increased  appetite.  It  is  possible  that  the  high  liver  glycogen  values 
in  these  series  are  a  result  of  ingested  carbohydrate  and  are  of  no  endocrine  signifi' 
cance,  except  to  show  that  the  liver  is  capable  of  storing  glycogen.  The  high  blood 
glucose  figures  exhibited  by  the  nonffasted  chicks  probably  reflect  the  high  liver  glyco- 
gen. 

While  this  may  be  true  for  the  nonffasted  chick  it  certainly  does  not  hold  for  those 
fasted  24  to  72  hours.  Here  we  see  essentially  the  same  result  as  in  the  case  of  the  non- 
fasted  animals,  but  to  a  lesser  degree.  The  difference  between  the  liver  glycogen 
values  of  the  72'hour  fasted  and  injected  series  and  its  control  is  significant  and  the 
differences  between  the  other  fasted  and  injected  series  and  their  respective  controls 
approach  significance.  It  is  interesting  that  the  blood  glucose  values  continue  to  rise 
aiter  each  successive  injection.  The  controls  also  show  a  rise  after  prolonged  fasting. 

No  convulsions  of  any  sort  were  observed  in  the  nonffasted  groups,  nor  was  there 
any  indication  of  an  increased  sensitivity  to  subsequent  injection;  in  fact,  quite  the 
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reverse  appeared  to  be  true.  But  convulsions  were  observed  in  two  cases  of  the  72^ 
hour  ^ted  and  injected  series  and  two  deaths  resulted.  Here  an  increased  sensitivity 
to  successive  injections  was  noticeable.  However,  the  ability  of  the  chick  to  withstand 
such  treatment  is  truly  remarkable.  These  observations  probably  confirm  those  of 
Golden  and  Long  (i),  considering  that  they  used  higher  doses  (200  units/kg.)  and 
probably  their  animals  were  fasted  or  refused  food. 

It  is  generally  accepted  that  the  administration  of  insulin  causes  a  reflex  stimula^ 
tion  of  the  adrenal  (7, 9, 10)  and  it  is  generally  assumed  that  epinephrine  is  responsible 
for  the  recovery  from  insulin  hypoglycemia.  Further,  evidence  has  been  presented 
(ii,  12)  that  insulin  causes  a  decrease  in  fiver  glycogen.  The  results  presented  here, 
with  the  exception  of  those  for  the  nonTasted  and  injected  series  after  10  hours,  are 
beyond  what  might  be  called  the  period  of  primary  insulin  action,  and  it  is,  therefore, 
reasonable  to  assume  that  they  must  be  interpreted  as  resulting  from  mechanisms 
exhibiting  a  compensatory  reaction  to  insulin. 

Cori  (12)  has  pictured  the  action  of  epinephrine  as  follows:  An  increase  in  blood 
glucose  and  glycosuria,  an  initial  decrease  in  fiver  glycogen  and  a  subsequent  increase, 
a  decrease  in  muscle  glycogen  and  an  increase  in  lactic  acid.  The  lactic  acid  is  synthc' 
sized  into  fiver  glycogen  and  accounts  for  the  later  rise  in  fiver  glycogen.  It  is  rather 
difficult  to  explain  the  increase  of  both  the  blood  glucose  and  fiver  glycogen  on  the 
basis  of  this  method  of  epinephrine  action.  If  there  is  a  constant  secretion  of  epi' 
nephrine  this  would  account  for  the  increased  blood  glucose  but  not  for  the  elevated 
fiver  glycogen,  unless  the  rate  of  glycogen  formation  exceeds  the  rate  of  glycogenolysis. 
This  would  be  rather  unlikely  in  a  ffisted  animal  unless  the  utilization  of  carbohydrate 
was  inhibited  in  some  manner.  Cori  has  suggested  that  epinephrine  inhibits  the  utifiza^ 
tion  of  carbohydrate  by  the  peripheral  tissues  (13)  but  evidence  has  been  brought 
against  this  opinion  (14,  15  and  16). 

Another  possibility  which  should  be  carefully  considered  is  that  in  addition  to 
epinephrine,  the  cortical  hormones  may  be  wholly,  or  in  part,  responsible  for  these 
differences.  Miller  and  Riddle  (17,  18)  have  reported  that  the  injection  of  insulin 
exerts  a  greater  effect  on  the  cortical  cells  of  the  pigeon  adrenal  than  on  the  cells  of  the 
medulla.  The  hyperplasia  ai.d  hypertrophy  of  the  cortical  cells  occur  in  fasted  hypo- 
physectomized  pigeons  and  would  seem  to  be  a  direct  effect.  Golden  and  Long  (i) 
have  reported  that  cortical  extracts  increase  the  blood  sugar  and  fiver  glycogen  of 
fowl  in  the  same  manner  as  it  does  in  the  mammals.  In  view  of  these  facts,  it  is  reason' 
able  to  expect  that  an  increased  secretion  of  the  adrenal  cortex  will  be  found  to  con' 
tribute  to  the  elevated  blood  glucose  and  fiver  glycogen  found  in  fasted  chicks  a  con' 
siderable  time  after  injection  with  heavy  doses  of  insulin. 

SUMMARY 

1.  The  percentage  decrease  in  the  blood  glucose  of  chicks  treated  with  fight  doses 
of  insulin  is  a  function  of  the  logarithm  of  the  dose. 

2.  There  is  an  over'Compensation  with  the  heavier  doses  which  is  proportional 
to  the  dose  and  the  duration,  and  it,  therefore,  bears  an  inverse  relation  to  the  dose. 

3.  A  possible  method  of  insulin  assay  is  outlined  using  the  percentage  decrease 
of  blood  glucose  one  and  one-half  hours  after  injection  and  comparing  these  values 
with  those  obtained  from  a  group  of  chicks  receiving  a  standard  dose  of  insulin.  The 
average  error  is  less  than  10  per  cent  by  the  method  outlined  in  this  paper. 

4.  Non'fasted  chicks  receiving  moderate  daily  doses  of  insulin  exhibit  an  increased 
blood  glucose  and  fiver  glycogen  24  hours  after  injection. 

5.  Fasted  chicks  receiving  heavy  doses  of  insulin  (120  units/kg.)  likewise  show 
higher  fiver  glycogen  and  blood  glucose  than  their  controls. 
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6.  The  suggestion  is  made  that  these  increases,  particularly  in  the  fasted  series, 
are  wholly,  or  in  part,  due  to  an  increased  adrenal  cortical  secretion. 
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STUDY  OF  ESTRUS'PRODUCING  ACTIVITY  OF 
DIETHYLSTILBESTROL  IN  SUBTHRESHOLD  TO 
MAXIMAL  DOSAGES 
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AND  FREDERICK  E.  EMERY 

From  the  Departments  of  Physiology  and  Materia  Medica,  University  of  Buffalo 

BUFFALO,  NEW  YORK 

IN  1939  the  authors  undertook  the  prosaic  and  tedious  task  of  determining  the 
physiologic  range  of  activity  of  diethylstilbestrol  for  their  colony  of  rats.  These 
data  were  needed  to  determine  more  judiciously  the  dosages  to  be  used  in  sub- 
sequent  studies  on  the  toxicity  of  diethylstilbestrol  and  its  effects  upon  growth  and 
weight  of  organs  of  the  rat  (i,  2).  It  is  not  the  purpose  of  this  communication  to 
champion  a  method  of  assay  or  a  fixed  minimal  dosage  for  diethylstilbestrol  but  rather 
to  indicate  the  range  of  activity  for  diethylstilbestrol  in  oil  and  in  alkaline,  aqueous 
solutions,  as  well  as  to  indicate  the  variations  in  response  in  the  same  colony  of  rats 
to  various  dosages  of  the  drug. 

MATERIALS  AND  METHODS 

Two  media  were  employed,  sesame  oil  and  an  alkaline  aqueous  solution.  The  oil 
solutions  were  made  by  dissolving  the  crystalline  diethylstilbestrol  in  a  small  quantity 
of  oil  and  adding  sufficient  oil  to  acquire  the  desired  dilution.  The  aqueous  solutions 
were  made  by  dissolving  the  diethylstilbestrol  in  o.in  NaOH  (0.5  cc.  per  20  mg.)  and 
diluting  with  distilled  water  until  the  proper  dilution  was  acquired.  Highly  inbred 
albino  rats  from  Wistar  stock  were  used  throughout  the  experiments.  The  animals 
were  maintained  in  a  constant  temperature  room  (26  +  2°C),  fed  Purina  dog  chow 
and  provided  with  a  constant  supply  of  fresh  water.  Bilateral  ovariectomy  was  pet' 
formed  at  the  body  weight  range  of  100  to  125  gm.  A  portion  of  the  uterus  was  always 
removed  with  the  ovary  to  minimize  the  possibility  of  ovarian  fragments  being  re¬ 
tained. 

Over  the  s-year  period  tests  were  made  at  intervals  during  all  seasons  of  the 
year,  involving  215  rats  on  which  a  total  of  670  tests  were  made  with  the  alkaline 
aqueous  solution.  An  additional  50  animals  were  used  to  make  180  tests  of  the  oil 
solution.  The  average  weight  of  all  animals  during  the  test  period  was  169  gm.  Both 
the  oil  and  aqueous  solutions  were  administered  (to  groups  of  not  less  than  10  or 
more  than  20  rats)  so  that  a  total  volume  of  0.9  cc.  was  given  in  3  equally  divided 
injections  at  12-hour  intervals  over  a  period  of  36  hours.  All  injections  were  made 
subcutaneously  in  the  flank  area,  and  the  site  of  injection  was  pinched  to  prevent 
leakage.  Vaginal  smears  were  made  by  the  pipette  method  (3,  4)  and  the  results  deter¬ 
mined  according  to  the  procedure  of  Emery  (3). 

At  various  intervals  throughout  the  3-year  period  the  colony  of  rats  was  stand¬ 
ardized  with  an  aqueous  solution  of  theelin.  According  to  these  tests  0.3  micrograms 
of  theelin  produced  a  positive  response  in  50  per  cent  of  the  animals,  which  corre¬ 
sponds  with  the  work  of  Curtis  and  Doisy  (5);  and  of  Rowe  and  Simond  (6). 

Received  for  publication  May  18,  1943. 
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RESULTS 

The  data  derived  from  670  tests  with  alkaline,  aqueous  solutions  of  diethylstih 
bestrol  are  shown  in  figure  i.  A  total  of  90  tests  was  made  with  0.001  ng.  which 
ehcited  only  an  occasional  positive  reaction.  These  occasional  deviations  from  the 
mode  are  to  be  expected.  Therefore,  to  start  the  curve  at  this  point  seemed  beyond 
cavil.  At  the  other  extreme,  25  tests  made  with  0.03  Mg-  gave  positive  reactions  in  all 
cases.  Further  inspection  of  the  graph  reveals  that  a  positive  response  in  50  per  cent 
of  the  animals  was  elicited  by  o.oi  Mg-  of  diethyl  stilbestrol.  Thus,  under  the  condi' 
tions  of  these  tests  and  employing  our  colony  of  rats,  diethyl  stilbestrol  in  an  alkaline, 
aqueous  solution  is  approximately  30  times  more  potent  than  an  aqueous  solution  of 
estrone  given  under  the  same  conditions. 

The  most  conspicuous  aspect  of  figure  i  is  the  wide  variation  in  the  results  Ob' 


Fig.  I.  Curve  cokstructed  from  data  derived  from  tests  made  with  diethylstilbestrol 
in  alkaline  aqueous  medium. 

tained  with  any  particular  dosage.  As  expected,  the  responses  to  the  larger  dosages, 
as  evaluated  by  the  percentage  of  rats  in  estrus,  were  less  variable  than  those  repre' 
sented  by  the  middle  and  lower  portions  of  the  curve.  This  is  significant  when  one 
considers  that  the  portion  of  the  curve  representing  the  50  to  75  per  cent  positive 
reactions  lies  in  the  range  of  the  widely  fluctuating  responses,  therefore  contributing 
to  the  difliculty  of  determining  the  minimal  effective  dose. 

The  curve  of  figure  2  represents  the  results  derived  from  tests  made  with  diethyl' 
stilbestrol  in  sesame  oil.  At  o.oi  Mg-  no  positive  reactions  were  produced.  In  the 
majority  of  groups  tested  with  0.15  Mg-,  positive  reactions  resulted  in  100  per  cent 
of  these,  although  groups  which  gave  a  10  per  cent  positive  reaction  are  to  be  noted. 
A  comparison  of  groups  of  animals  in  figures  i  and  2  reveals  the  particularly  salient 
fact  that  all  dosages  in  sesame  oil  produced  a  greater  deviation  in  estrus  response  than 
did  the  alkaline,  aqueous  solutions.  This  further  confirms  our  previous  report  (7)  that 
sesame  oil  is  a  very  unsatisfactory  vehicle  for  testing  the  activity  of  diethylstilbestrol. 
Further  cc«nparison  of  figures  i  and  2  is  interesting  in  that  it  reveals  the  range  of 
dosage  "of  diethylstilbestrol  (as  shown  on  the  abscissa)  to  be  4.8  times  greater  for  the 
oil  solution  than  the  aqueous  preparation.  This  study  reveals  that  0.05  Mg-  of  diethyl' 


September,  194a 


STILBESTROL  AND  ESTRUS  INDUCTION 


37J 


stilbestrol  in  sesame  oil  elicits  a  50  per  cent  positive  estrus  response  which  is  5  times 
the  amount  required  for  a  similar  reaction  by  diethylstilbestrol  in  an  alkaline  aqueous 
medium. 

DISCUSSION 

Although  much  work  has  been  published  on  the  potency  of  diethylstilbestrol,  no 
investigations  have  revealed  the  total  range  of  activity  of  this  substance  or  the  varia- 


tion  of  response  to  be  expected  from  submaximal  dosages.  These  factors  are  obviously 
of  considerable  importance  when  interpreting  the  physiologic  and  toxic  activities  of 
the  drug.  Coward  and  Bum  (8)  have  reported  that  a  variation  of  as  great  as  1000  per 
cent  in  response  may  be  expected  from  a  particular  dosage  of  estrone  in  olive  oil.  Our 
study  also  indicates  that  a  wide  variation  exists  with  regard  to  physiologic  doses  of 
diethylstilbestrol. 

Data  from  several  laboratories  on  the  assay  of  diethylstilbestrol,  using  rats,  are 
listed  in  table  i.  The  values  given  are  derived  from  work  on  different  colonies  of  rats 
and  from  a  variety  of  techniques  and  methods.  Together  with  our  work  they  indicate 
a  source  of  difference  in  declared  estrogenic  activity  which  has  caused  some  confusion 
not  only  with  regard  to  the  potency  of  diethylstilbestrol  and  its  relationship  to  other 
estrogens  but  also  confusion  in  regard  to  the  activity  of  these  substances  on  the 


Table  i.  Minimal  dose  of  diethylstilbestrol  in  micrograms  for  the  adult  rat 


Authors 

Medium 

Diethylstilbestrol, 

Mg- 

Estrone,  fig. 

Dodds,  Lawson  and  Noble  (9) 

oil 

o.jy 

aqueous 

0.2^ 

0.60 

Kreitmair  and  Sieckmann  (10) 

oil 

O.IJ 

0.71 

Freud  (ii) 

od 

0. 37 

I.?0 

Sondem  and  Scaly  (la) 

oil 

1-7 

3.0 

oil 

0.95 

3-0 

Koenig  and  Gustavson  (13) 

aqueous 

0.6a 

0.9a 
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organism.  It  is  well  known  that  the  results  of  investigations  on  the  effects  of  estrogens 
on  organ  weights  have  been  rather  inconstant  as  our  recent  review  indicates  (2).  The 
present  work  points  to  the  importance  of  knowing  the  range  of  dosage,  as  well  as 
being  cognizant  of  the  variation  in  response  that  may  occur  between  different  samples 
of  the  same  colony,  and  the  wide  fluctuation  in  response  that  may  occur  between 
different  colonies  of  rats. 

SUMMARY 

The  estrus'producing  activity  of  diethylstilbestrol  was  studied;  over  a  period  of 
three  years  670  tests  were  made  on  adult  castrate  rats  with  dosages  (sub'threshold  to 
maximal)  of  diethylstilbestrol  in  an  alkaline,  aqueous  medium,  and  180  tests  were 
made  using  sesame  oil  as  the  vehicle. 

In  our  colony  of  rats  employing  our  methods  it  was  determined  that  0.05  jug.  of 
diethylstilbestrol  in  sesame  oil  produced  a  50  per  cent  positive  estrus  response  and 
that  o.oi  jug.  in  an  alkaline  aqueous  medium  was  equally  effective.  It  required  0.3  jug. 
of  theelin  in  an  aqueous  medium  given  under  identical  conditions  to  produce  a  50 
per  cent  response. 

Results  showed  the  range  of  activity  of  diethylstilbestrol  in  the  alkaline,  aqueous 
solution  to  be  between  0.001  and  0.03  jug.;  in  the  case  of  the  sesame  oil  solution  the 
range  was  between  o.oi  and  0.15  fig.,  this  latter  range  being  4.8  times  greater  than 
the  former  range.  Variations  in  response  were  great  for  both  media.  The  oil  solution 
showed  the  largest  fluctuations. 
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DECIDUOMA  FORMATION  IN  RATS  DURING 
TESTOSTERONE  TREATMENT' 
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From  the  Department  of  Obstetrics  and  Gynecology, 

Stanford  University  School  of  Medicine 

8AN  FRANCISCO,  CALIFORNIA 

The  progestin'LIKe  effect  of  testosterone  on  the  endometrium  of  the  rat  has 
prompted  a  number  of  investigators  to  see  if  deciduomata  would  result  follow' 
ing  traumatization  of  the  uterine  horn  and  the  continued  administration  of 
this  hormone.  The  results  generally  have  been  negative.  McKeown  and  Zuckerman 
(i)  treated  6  adult  females,  but  found  deciduoma'formation  in  only  one  instance. 
Parkes  and  Zuckerman  (2)  Ukewise  could  not  induce  this  reaction  in  hypophysec' 
tomized  rats,  nor  could  Brooksby  (3)  in  either  normal  or  castrated  animals.  The  latter 
author,  however,  observed  that  testosterone  did  not  inhibit  the  formation  of  deciduo' 
mata  since  they  could  be  induced  in  the  uteri  of  lactating  rats  in  spite  of  the  daily 
injection  of  500  micrograms  of  the  hormone. 

It  has  been  shown  that  testosterone  may  lead  to  an  unusual  hypertrophy  of  cor' 
pora  lutea  (4-7)  and  that  this  change  is  brought  about  when  the  initial  injection  of  the 
hormone  is  given  during  late  estrus,  that  is  at  a  time  corresponding  to  ovulation  (4,  8). 
The  present  study  deals  with  our  attempts  to  determine  if  these  large  corpora  have 
an  active  endocrine  function  and  favor  the  production  of  deciduomata  following  the 
traumatization  of  the  uterus. 


METHOD  AND  RESULTS 

Adult  Rats 

Six  female  albino  rats  of  the  Stanford  strain,  age  80  days  at  the  onset  of  the  experi' 
ment,  were  followed  by  daily  vaginal  smears  for  a  preliminary  period  of  5  weeks. 
Four  then  received  a  daily  subcutaneous  injection  of  2.0  mg.  of  testosterone  propio' 
nate,  beginning  during  late  estrus,  that  is,  when  the  vaginal  smears  were  composed  of 
comified  cells.  On  the  fifth  day  the  abdomen  was  opened  and  a  silk  thread  introduced 
for  about  i  cm.  through  the  lumen  of  one  of  the  uterine  horns.  The  injections  were 
continued  for  another  period  of  5  days,  so  that  each  animal  received  a  total  of  20  mg. 
of  testosterone.  They  were  then  killed  and  deciduomata  were  found,  both  grossly 
and  on  histological  examination,  in  each  of  the  4  rats.  The  ovaries  also  were  found  to 
contain  large  corpora  lutea  with  hypertrophied  lutein  cells,  as  previously  described 
(8).  The  average  body  weight  of  these  animals  was  154  gm.  and  their  ovaries  65  mg. 

Two  rats  were  treated  in  the  same  manner  except  that  the  initial  injection  of  testO' 
sterone  was  given  during  metestrus,  that  is,  when  the  vaginal  smear  showed  comified 
cells  and  leucocytes.  At  autopsy  neither  animal  showed  evidence  of  deciduoma  forma' 
tion,  and  the  ovaries  contained  corpora  lutea  comparable  to  those  found  in  normal 
non'pregnant  rats.  The  average  body  weight  was  163  gm.  and  the  ovaries  76  mg. 

Received  for  publication  June  j,  1942. 
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Immature  Rats 

A  total  of  96  immature  rats  were  divided  into  small  groups  and  treated  in  different 
ways.  They  were  first  injected  for  varying  periods  and  dosages  with  a  chorionic 
gonadotropin  prepared  frcMn  blood  of  pregnant  women  (9),  in  order  to  stimulate  the 
production  of  corpora  lutea.  After  this,  daily  subcutaneous  injections  of  testosterone 
were  administered  for  10  days  and  a  silk  thread  was  introduced  into  one  uterine  horn 
on  the  fifth  day  of  treatment. 

However,  great  difl&culty  was  experienced  in  producing  deciduomata,  and  posi' 
tive  findings  occurred  only  in  a  small  proportion  of  animals  in  3  series  of  experiments. 

Group  I.  Eight  rats,  21  days  of  age  at  the  start  of  the  experiment,  were  given  0.25 
cc.  of  the  stock  preparation  of  pregnancy  blood  chorionic  hormone  twice  daily  for  5 
days,  when  the  vaginal  introitus  was  established.  An  initial  subcutaneous  injection 
of  2.0  mg.  of  testosterone  propionate  was  then  administered  and  i.o  mg.  was  given 
daily  for  the  succeeding  9  days,  so  that  each  received  a  total  of  ii.o  mg.  On  the  fifth 
day  the  abdomen  was  opaned  and  a  silk  thread  introduced  into  one  of  the  uterine 
horns.  At  autopsy  on  the  tenth  day  (age  of  rats,  36  days),  deciduomata  were  observed 
in  two  of  the  8  animals  (fig.  i)  and  the  ovaries  contained  hypertrophied  corpxsra  lutea 
such  as  are  observed  during  the  later  stages  of  gestation  in  the  adult  (fig.  2,  3,  4). 
The  other  6  rats  showed  no  deciduoma  formation  and  the  ovaries  contained  corpora 
without  the  strikingly  enlarged  lutein  cells.  The  body  weights  of  the  2  rats  with 
pxjsitive  results  were  79  and  68  gm.,  resp)ectively,  and  the  ovaries  28  and  19  mg.  The 
6  rats  without  deciduomata  had  an  average  body  weight  of  62  gm.  and  ovaries  of 
21  mg. 

Five  littermates  were  treated  in  an  identical  manner  but  received  injections  of 
plain  sesame  oil  instead  of  testosterone.  No  deciduomata  were  formed,  and  although 
the  ovaries  contained  corpora  lutea  they  did  not  show  lutein'cell  hyp)ertrophy.  The 
average  body  weight  for  this  group  was  60  gm.  and  the  ovaries  15  mg. 

Group  II.  In  this  series  the  rats  were  given  a  preliminary  injection  of  estrogenic 
hormone  to  cause  a  premature  opening  of  the  vagina  in  order  to  study  daily  vaginal 
smears.  Six  rats,  age  30  days,  received  o.i  cc.  (200  i.u.)  of  a  mixture  of  natural  estro' 
gens,*  so  that  at  the  age  of  35  days  vaginal  opjening,  comification  and  regression  of  the 
smear  had  occurred.  They  were  then  given  0.25  cc.  of  the  chorionic  hormone  twice 
daily  until  comification  reapp)eared  in  the  vaginal  smear  4  days  later  when  they  were 

39  days  of  age.  On  this  day  2.0  mg.  of  testosterone  was  given  subcutaneously  and  i.o 
mg.  was  then  administered  daily  for  9  days  (total  ii.o  mg.)  as  in  the  previous  expjeri- 
ment.  A  silk  thread  also  was  p>assed  into  one  uterine  horn  on  the  fifth  day.  The  rats 
were  killed  after  testosterone  had  been  given  for  10  days,  the  thread  in  situ  for  5  days, 
and  the  age  of  the  animals  49  days.*  Dedduomata  in  the  uteri,  accompanied  by 
hypjertrophied  corpora  lutea  were  seen  in  2  instances,  and  results  were  negative  in  4 
rats.  The  average  body  weight  for  the  rats  with  deciduomata  was  93  gm.  and  ovaries 

40  mg.,  while  the  animals  with  negative  findings  had  an  average  body  weight  of  89 
gm.  and  ovaries  of  35  mg.  It  is  important  to  note  that  the  ovaries  of  the  rats  in  which 
deciduomata  failed  to  materialize  contained  corpora  lutea  comparable  to  those  seen  in 
ntxmal  adults  during  metestrus  or  diestrus  or  in  immature  rats  given  chorionic  hor- 
mone  alone. 

Group  III.  This  group  was  made  up  of  6  h'ttermates  from  Group  II.  They  were 
■  treated  in  the  same  manner  but  after  the  injection  of  the  chorionic  hormone  they 

*  Thc.prqjaration  (Amniotin)  was  supplied  by  E.  R.  Squibb  Son,  New  Brunswick,  N.  J. 

*  In  T4  rats  of  our  cobny  the  vaginal  introitus  was  established  at  an  average  age  of  47.88  days,  with 
a  range  35  to  74  days. 
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Fig.  I.  Deciduoma  in  uterine  horn  of  immature  rat  treated  with  testosterone  (low  power). 
Fig.  2.  Cells  of  corpus  luteum  from  a  rat  during  early  diestrus  (oil  immersion). 

Fig.  j.  Cells  of  corpus  luteum  from  a  rat  on  the  eleventh  day  of  pregnancy  (oil  immersion). 
Fig.  4.  Cells  of  corpus  luteum  from  an  adult  rat  treated  with  testosterone,  the  initial  injection  given 
during  late  estrus.  The  uterus  gave  a  positive  deciduoma  reaction  (oil  immersion). 

reached  a  full  stage  of  cornification  24  hours  later  and  consequently  were  one  day 
older  at  the  end  of  the  experiment.  Of  these,  positive  results  (deciduomata  and  hyper' 
trophied  corpora  lutea)  were  seen  in  4  cases,  and  negative  (no  deciduomata,  small 
corpora)  in  two.  The  average  body  weight  of  the  animals  with  positive  findings  was 
95  gm.  with  ovaries  of  24  mg.,  and  the  negative  with  body  weight  92  gm.  and  ovaries 
24  mg. 

DISCUSSION 

The  results  of  this  study  may  be  interpreted  as  indicating  four  important  obser' 
vations.  a).  Deciduomata  can  be  produced  in  the  uteri  of  female  rats  receiving  daily 
injections  of  testosterone  propionate,  b).  A  prerequisite  is  the  presence  in  the  ovaries 
of  hypertrophied  corpora  lutea  such  as  occur  in  pregnant  rats.  c).  The  particular 
sensitization  of  the  uterus  which  renders  it  capable  of  responding  to  trauma  by  de- 
ciduoma  formation  is  not  a  direct  effect  of  testosterone  on  that  organ  but  is  brought 
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about  by  corpus  luteum  hormone,  d).  In  order  to  obtain  hypertrophied  corpora  lutea 
the  first  injection  of  testosterone  must  be  given  at  the  correct  moment,  that  is,  just 
at  ovulation  or  during  the  earliest  stages  in  their  development.  In  a  previous  communi' 
cation  (8)  we  postulated  that  testosterone  caused  an  increased  production  of  prolac' 
tin,  which  in  turn  stimulated  the  corpora  lutea,  as  shown  by  Evans  and  his  co'workers 

(lO,  ii). 

The  difficulties  experienced  in  producing  deciduomata  in  young  rats  may  be  due 
to  one  or  more  factors.  It  is  possible  that  the  organs  of  the  prepubertal  rats  do  not  re- 
spond  to  this  type  of  treatment  as  readily  as  those  of  adults.  This  is  suggested  by  the 
increased  number  of  positive  results  found  in  the  older  immature  animals  we  em- 
ployed,  and  similar  observations  have  been  made  by  Hooker  (12)  and  Selye  and  Albert 
(13).  On  the  other  hand,  the  failure  of  response  may  have  resulted  from  the  fact  that 
the  initial  injections  of  testosterone  were  not  given  at  the  proper  time  and  conse- 
quently  hypertrophied  corpora  lutea  failed  to  develop. 

SUMMARY  AND  CONCLUSIONS 

It  has  been  possible  to  produce  deciduomata  by  traumatization  of  the  uteri  of 
both  adult  and  immature  rats  during  the  course  of  daily  subcutaneous  injections  of 
testosterone  propionate.  This  effect,  however,  was  only  obtained  when  the  ovaries 
contained  hypertrophied  corpora  lutea  similar  to  those  seen  during  pregnancy,  so 
that  it  is  attributed  not  to  a  direct  action  of  testosterone  on  the  uterus  but  to  the 
presence  of  progestin. 

In  order  to  induce  the  formation  of  such  large  corpora  lutea  the  initial  injection  of 
testosterone  must  be  given  during  the  early  stage  of  their  development. 

Deciduomata  were  produced  in  only  a  small  proportion  of  the  immature  animals 
employed,  possibly  because  of  a  prepubertal  insensitivity  to  this  type  of  treatment. 

We  are  indebted  to  the  Ciba  Pharmaceutical  Products,  Inc.  for  their  generous  supply  of  testos- 
terone  propionate  (Perandren-Ciba),  and  to  Mr.  Pierre  Lasse  gues,  Mr.  Fred  Wong  and  Miss  Agnes 
Chong  for  their  technical  assistance. 
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EFFECT  OF  POSTTUBERTAL  CASTRATION  ON 
THERMO'REGULATORY  FUNCTION  OF  RAT 
SCROTUM'* 
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AND  MAX  R.  ZELLE 

From  the  Agricultural  Experiment  Station,  Purdue  University 

LAFAYETTE,  INDIANA 

The  thermO'Regulatory  function  of  the  mammalian  scrotum  has  been  demon' 
strated  by  Moore  and  Quick  (i),  Phillips  and  McKenzie  (2)  and  others  and  it 
has  long  been  known  that  if  the  testes  are  experimentally  removed  from  their 
normal  scrotal  environment  and  placed  in  the  abdominal  cavity,  marked  degeneration 
of  the  germinal  epithelium  occurs  (3, 4).  Phillips  and  Andrews  (5)  reported  that  in  the 
ram,  bull  and  boar  the  scrotum  acquires  its  thermo-regulatory  ability  as  the  testes 
begin  the  production  of  spermatozoa.  Hamilton  (6)  was  able  to  bring  about  marked 
scrotal  development  of  the  immature  rat  by  the  injection  of  testosterone  acetate. 
Wells  (7)  concluded  that  the  ascent  of  the  testes  of  the  adult  ground  squirrel  to 
the  abdominal  cavity  during  the  nonbreeding  season  was  not  due  primarily  to  scrotal 
failure  and  found  that  testicular  regression  was  paralleled  by  decreased  male  hormone 
production  and  decreased  weight  of -the  scrotal  sac.  Andrews  (8)  reported  that  the 
rapid  testicular  development  initiated  at  about  the  ninth  week  in  the  rat  was  aC' 
companied  by  marked  responsiveness  of  the  scrotum  to  temperature  change  and  that 
the  thermcHregulatory  function  did  not  develop  in  males  castrated  at  5  weeks  of  age. 

The  object  of  the  present  investigation  was  to  determine  the  influence  of  castra- 
tion  upon  the  thermo-regulatory  function  and  the  weight  of  the  scrotal  sac  of  the 
sexually  mature  rat. 


MATERIALS  AND  METHODS 

Sixty'four  sexually  mature  male  albino  rats  of  the  Wistar  strain  were  observed  in 
this  study.  These  rats  averaged  234  gm.  in  weight  (range  190-270  gm.),  at  the  time 
of  recording  the  initial  scrotal  contraction  and  were  approximately  100  days  of  age 
at  this  time.  Of  the  64  males,  10  were  utilized  as  controls  and  the  remainder  were 
divided  into  10  groups  of  5  or  6  rats  each.  One  group  was  studied  each  week  for  the 
first  10  weeks  following  castration. 

The  scrotal  contractiUty  of  each  rat  was  measured  just  prior  to  castration,  each 
animal  thus  serving  as  his  own  control.  This  was  accomphshed  by  passing  a  thread 
through  the  scrotal  skin  midway  between  the  scrotal  tip  and  the  body.  The  thread 
was  then  attached  to  a  recording  lever  and  the  scrotal  contraction  magnified  and  re' 
corded  upon  a  manually  operated  kymograph  drum.  The  rats  were  maintained  in  a 
state  of  deep  anesthesia  with  nembutal  and  ether.  The  animal  was  firmly  fastened  to  a 
heavy  metal  animal  board,  and  was  submerged,  with  the  exception  of  the  head,  in  a 
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water  bath.  The  contraction  of  the  scrotum  was  measured  at  two  temperatures.  The 
initial  contraction  was  obtained  by  maintaining  the  water  bath  at  a  temperature  of 
38-40°  C.  for  10  minutes.  At  the  end  of  a  lo^minute  period  the  drum  was  turned  and 
a  base  line  recorded.  The  temperature  of  the  water  bath  was  then  lowered  to  20°  C. 
over  a  5'minute  interval  and  then  maintained  at  20°  C.  for  10  minutes.  The  drum  was 
then  turned  and  the  height  of  the  contraction  recorded.  The  temperature  of  the  water 
bath  was  then  raised  to  38-40°  C.  over  a  5'minute  interval,  held  at  that  temperature 
for  10  minutes  and  a  second  base  Une  obtained.  The  height  of  contraction  was  meas' 
ured  in  millimeters  by  averaging  the  distances  from  the  first  and  second  base  lines  to 
the  contraction  Une. 

The  control  rats  were  autopsied  immediately  upon  the  completion  of  recording 


Fig.  I.  Height  of  scrotal  contraction  of  rats  prior  to  and  during  the  first  10  weeks  follow¬ 
ing  CASTRATION.  Fig.  2.  WeIGHT  OF  SCROTAL  SACS  OF  CONTROL  RATS  AND  THOSE  REMOVED  DURING  THE 
FIRST  10  WEEKS  FOLLOWING  CASTRATION. 

the  scrotal  contractility.  The  testes,  seminal  vesicles  and  scrotal  sacs  were  removed, 
blotted  with  filter  paper  to  remove  excess  fluid  or  secretions,  and  weighed  on  an 
analytical  balance.  The  testes  of  the  experimental  rats  were  removed  through  a  median 
abdominal  incision  in  order  that  the  scrotal  structure  would  not  be  interfered  with. 
The  seminal  vesicles  and  scrotal  sacs  of  the  castrates  were  removed  and  weighed  im¬ 
mediately  upon  the  completion  of  the  second  recording  of  scrotal  contractility. 

RESULTS 

The  original  experimental  data  are  available  for  inspection  (9),  but  they  will  not 
be  presented  in  this  paper.  The  data  were  statistically  treated  employing  the  methods 
of  analysis  of  variance  in  conjunction  with  correlation  and  regression  (10)  and  the 
results  are  summarised  in  the  following  paragraphs. 

Scrotal  contractility.  The  mean  heights  of  scrotal  contraction  prior  to  and  during 
each  of  the  first  10  weeks  following  castration  are  graphically  shown  in  figure  i. 
An  analysis  of  variance  of  contraction  height  indicates  that  highly  significant  dif¬ 
ferences  (P  <.oi)  exist  between  the  mean  of  the  control  group  and  each  of  the  castrate 
groups.  Further,  the  mean  of  the  group  observed  one  week  after  castration  is  signifi¬ 
cantly  greater  than  the  mean  of  each  succeeding  weekly  group  with  the  exception  of 
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the  group  for  the  8th  week.  Statistical  comparisons  of  the  weekly  means  indicate  that 
scrotal  contractility  decreases  significantly  in  the  first  2  or  3  weeks  following  castra^ 
tion,  after  which  there  appear  to  be  no  further  substantial  changes  in  contraction 
height.  The  means  for  the  groups  for  the  4th  to  loth  weeks  do  not  vary  significantly 
from  each  other  except  for  those  of  the  8th  week  in  which  an  abnormally  large  degree 
of  contraction  was  observed.  This  is  not  interpreted  as  indicating  an  actual  reactiva¬ 
tion  of  scrotal  activity  for  if  this  were  true  the  means  for  the  groups  of  the  9th  and 
loth  weeks  would  be  expected  to  be  greater. 

The  suspicion  that  a  straight  line  would  not  fit  the  observed  means  was  confirmed 


Fig.  j.  Weight  of  seminal  vesicles  of  control 

RATS  AND  THOSE  REMOVED  DURING  THE  FIRST  10  WEEKS 
FOLLOWING  CASTRATION. 


by  computation  and  a  second  degree  regression  equation  was  fitted  (fig.  i).  The  re¬ 
duction  in  variance  due  to  curvilinear  regression  is  highly  significant,  indicating  that 
the  loss  of  scrotal  contractility  after  castration  follows  a  curvilinear  trend.  However, 
deviations  from  curvilinear  regression  are  highly  significant,  indicating  that  although 
there  is  significant  curvilinear  regression,  the  computed  curve  does  not  fit  the  observed 
means  in  a  completely  satisfactory  manner.  It  will  be  observed  that  the  regression 
curve  increases  in  the  last  weeks  of  the  experiment.  This  phenomenon,  if  true,  would 
suggest  an  increase  in  scrotal  sensitivity  during  the  last  weeks  of  the  experiment, 
but  the  statistical  analysis  does  not  support  such  a  conclusion.  Only  by  the  observa¬ 
tion  of  rats  castrated  for  more  than  lo  weeks  can  this  particular  question  be  ade¬ 
quately  answered. 

Scrotal  sac  weight.  Comparisons  of  the  mean  scrotal  sac  weight  of  the  controls 
with  those  of  the  lo  groups  of  castrates  indicate  that  the  scrotal  sac  weights  of  all 
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castrates  were  highly  significantly  less  than  those  of  the  controls  (P  <.oi).  The  most 
significant  decreases  in  sac  weight  occurred  during  the  first  2  weeks  post  castration, 
after  which  more  or  less  random  distribution  for  sampling  was  observed.  A  second 
degree  regression  equation  of  scrotal  sac  weight  (y)  on  interval  after  castration  (x) 
was  computed  (fig.  2).  The  reduction  in  variance  due  to  curvilinear  regression  is 
highly  significant;  however,  as  was  true  of  the  data  on  contraction  height,  the  curve 
is  not  a  completely  satisfactory  fit.  The  apparent  increase  in  scrotal  sac  weight  during 
the  last  weeks  of  the  experiment  is  not  significant. 

Seminal  vesicle  weight.  Since  the  weight  of  the  seminal  vesicles  is  regarded  by  some 
workers  as  a  rather  satisfactory  criterion  of  male  hormone  production,  these  glands 
were  removed  and  weighed  at  the  time  of  autopsy.  Comparisons  of  the  weekly  mean 
seminal  vesicle  weights  show  that  those  of  the  controls  were  very  significantly 
heavier  than  those  of  any  castrate  group.  Marked  individual  differences  were  olv 
served  in  all  groups  and  statistical  analysis  of  the  data  does  not  permit  extensive  con- 
elusions.  The  most  significant  decrease  in  seminal  vesicle  weight  occurred  during  the 
first  week  following  castration  and  no  further  consistent  decreases  appeared  after  this 
time.  Although  the  data  suggest  a  curvilinear  trend,  deviations  from  both  linear  and 
curvilinear  regression  are  significant,  proving  that  neither  a  first  nor  a  second  degree 
regression  equation  adequately  describes  the  data.  Because  of  this  the  apparent  in' 
crease  in  weight  during  the  last  few  weeks  is  probably  best  interpreted  as  due  both  to 
the  heterogeneity  of  the  weekly  means  and  to  the  failure  of  the  curve  to  fit  the  data 
exactly  (fig.  3).  Similarly,  the  decreases  in  seminal  vesicle  weight  which  were  observed 
after  the  first  week  post  castration  would  appear  to  be  of  no  significance. 

Inter-relationships.  Since  the  removal  of  the  testes  is  followed  by  decreased  scrotal 
contractility  and  decreased  weight  of  the  scrotal  sac  and  seminal  vesicles,  and  since 
the  evidence  available  indicates  that  these  are  regulated  by  the  testicular  hormone,  the 
correlation  of  these  phenomena  is  of  some  importance.  A  highly  significant  coefficient 
of  correlation  of  0.915  between  the  height  of  scrotal  contraction  and  scrotal  sac  weight 
was  obtained.  Further  comparisons  between  scrotal  contraction  height  and  seminal 
vesicle  weight  showed  that  a  highly  significant  correlation  of  0.801  exists.  There  was 
a  correlation  of  0.843  between  the  weights  of  the  scrotal  sac  and  seminal  vesicles. 

DISCUSSION 

The  data  presented  in  this  study  substantiate  and  complement  the  findings  of 
previous  workers  in  this  field.  The  castration  of  sexually  mature  rats  was  followed 
by  a  marked  reduction  in  scrotal  contractility  and  was  accompanied  by  decreased 
weight  of  the  scrotal  sacs  and  seminal  vesicles.  Since  it  had  been  previously  demon' 
strated  a),  that  the  maintenance  of  the  seminal  vesicles  is  dependent  upon  the 
production  of  the  testicular  hormone  (4),  b),  that  the  injection  of  testosterone  acetate 
causes  marked  development  of  the  immature  rat  scrotum  (6),  c),  that  decreased  produc' 
tion  of  male  hormone  results  in  decreased  scrotal  sac  weight  in  the  ground  squirrel 
(7)  and  d),  that  prepubertal  castration  prevents  the  development  of  scrotal  contractih 
ity  in  the  rat  (8),  it  seems  evident  that  scrotal  development  and  function  are  depend' 
ent  upon  the  testicular  hormone. 

The  effects  of  castration  were  most  marked  during  the  first  4  weeks  after  operation, 
although  all  responses  did  not  occur  at  the  same  rate.  Statistical  analyses  of  the  data 
■  indicate  a),  that  the  most  significant  decreases  in  seminal  vesicle  weight  occurred 
during  the  first  week,  b),  that  scrotal  sac  atrophy  was  most  marked  during  the  first 
2  weeks,  and  c),  that  the  greatest  reduction  in  scrotal  contractility  appeared  during 
the  first  3  or  4  weeks.  Although  the  apparent  increase  in  seminal  vesicle  weights  dut' 


September,  194a 


CASTRATION  EFFECT  ON  SCROTUM 


385 


ing  the  8th  to  loth  weeks  following  castration  is  suggestive  of  renewed  androgen 
production,  the  analysis  of  the  data  does  not  warrant  that  conclusion.  Only  by  a  study 
of  larger  numbers  of  animals  for  greater  periods  of  time  following  gonadectomy  can 
the  question  of  possible  seminal  vesicle  stimulation  by  extra-testicular  hormones  be 
answered.  The  highly  significant  coefficients  of  correlation  of  height  of  scrotal  con^ 
traction,  and  weights  of  the  scrotal  sac  and  seminal  vesicles  would  indicate  that  all 
of  these  reactions  can  be  used  as  indirect  measurements  of  male  hormone  production. 
It  is  beheved  that  the  use  of  a  physiological  method  of  measuring  male  hormone  pro' 
duction,  such  as  scrotal  contractility  will  prove  a  valuable  supplement  to  the  present 
methods  based  on  organ  weight  and  cytological  changes. 

SUMMARY 

1.  Significant  decreases  in  seminal  vesicle  and  scrotal  sac  weights,  and  in  the 
height  of  scrotal  contraction  occurred  during  the  first,  second,  and  fourth  weeks  after 
castration,  respectively. 

2.  Coefficients  of  correlation  of  0.915  between  scrotal  contraction  height  and 
scrotal  sac  weight,  of  0.801  between  scrotal  contraction  height  and  seminal  vesicle 
weight,  and  of  0.843  between  weights  of  the  scrotal  sac  and  seminal  vesicles  were 
demonstrated. 

3.  The  results  of  this  study  furnish  additional  evidence  that  the  development  and 
regulation  of  the  thermo^regulatory  function  of  the  rat  scrotum  is  dependent  upon  the 
production  of  the  testicular  hormone. 
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WHETHER  the  parathyroid  glands  are  subject  to  nervous  control  is  not  known. 
L.  R.  Dragstedt  (personal  communication)  stimulated  the  cervical  sympa¬ 
thetic  for  hours  and  was  unable  to  detect  any  change  in  the  blood  calcium 
and  phosphorus.  Transplantation  experiments  have  demonstrated  that  the  para¬ 
thyroid  glands  can  function  adequately  in  the  absence  of  all  nervous  connections  (i). 
The  evidence  would  seem  to  indicate  that  the  nerves  have  vasomotor  rather  than 
secretory  functions. 

There  is  some  evidence  that  the  parathyroid  glands  may  be  under  the  influence 
of  a  hormone  from  the  anterior  lobe  of  the  hypophysis.  This  principle  has  been 
variously  called  parathyrotropin  and  parathyrostimulin.  The  association  in  the 
human  subject  of  parathyroid  adenomas  with  tumors  of  the  hypophysis  has  been 
reported  (a).  Houssay  and  Sammartino  (3)  observed  degenerative  lesions  of  the 
parathyroid  in  66  per  cent  of  all  hypophysectomized  dogs.  Smith  (4)  reported  atrophy 
of  the  parathyroids  following  pit  'itary  ablation  in  the  rat.  However,  Aschner  (5) 
was  unable  to  detect  any  change  in  the  parathyroid  glands  of  dogs  following  hypo- 
physectomy.  A  few  investigators  have  reported  parathyroid  enlargement  and  other 
structural  changes  following  the  injection  of  anterior  pituitary  extract  (3).  Although 
the  evidence  would  seem  to  indicate  a  pituitary-parathyroid  relationship,  the  ex¬ 
istence  of  a  specific  parathyrotropic  principle  has  not  yet  been  proved. 

It  is  possible  that  one  factor  in  the  control  of  the  parathyroid  glands  is  a  local 
response  of  the  gland  cells  to  chemical  changes  in  the  composition  of  the  surrounding 
fluids.  There  is  considerable  circumstantial  evidence  that  a  low  serum  calcium  is  a 
stimulus  for  the  parathyroid  glands  to  produce  more  hormone.  Parathyroid  hyper¬ 
plasia  may  be  induced  experimentally  by  low  calcium  diets  (6).  The  recent  in¬ 
vestigations  by  Sinclair  (7)  indicate  that  fetal  rat  parathyroids  are  stimulated  by  a 
subnormal  maternal  serum  calcium  or  an  excess  of  maternal  serum  phosphorus.  The 
criterion  for  stimulation  was  an  increased  sise  of  the  gland  at  term.  The  fetal  para¬ 
thyroid  glands  were  also  shown  to  be  depressed  by  an  excess  of  parathyroid  hormone 
from  an  enlarged  maternal  gland  or  by  an  excess  of  maternal  serum  calcium. 

Clinically,  hyperplasia  of  parathyroid  tissue  may  occur  in  association  with  chronic 
nephritis  (8).  This  may  be  a  compensatory  reaction  to  the  hypocalcemia  which  is 
the  result  of  a  phosphate  retention  and  consequent  hyperphosphatemia.  Albright  (9) 
believes  that  there  may  be  a  hyperfunction  of  the  parathyroid  glands  in  vitamin  D 
insufficiency  (rickets  and  osteomalacia),  the  stimulus  being  the  low  level  of  serum 
calcium  resulting  from  the  interference  with  the  absorption  of  calcium  from  the 
gastrointestinal  tract.  The  increased  production  of  parathyroid  hormone  leads  to  a 
.decrease  in  serum  inorganic  phosphorus  but  maintains  the  serum  calcium  at  its 
normal  level. 

According  to  Helfet  (10)  an  accumulation  of  phosphate  in  the  blood  is  a  stimulus 
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to  increased  secretion  of  parathyroid  hormone.  However,  it  must  be  remembered  that 
there  is  a  reciprocal  relationship  between  the  blood  calcium  and  phosphorus  such 
that  if  phosphorus  is  elevated  there  is  usually  a  decrease  in  calcium.  Thus  the  indirect 
evidence  presented  by  Helfet  in  favor  of  a  high  blood  phosphorus  stimulation  of  the 
parathyroids  could  hold  equally  well  for  the  low  blood  calcium  idea  of  stimulation. 

In  a  preliminary  report  Patt,  Wallerstein  and  Luckhardt  (ii)  presented  evidence 
for  a  humoral  control  of  parathyroid  secretion  by  the  blood  calcium.  It  is  the  purpose 
of  the  present  paper  to  present  a  more  detailed  account  as  well  as  an  extension  of 
the  above  investigation. 

Experimental  Hypocalcemia 

METHODS 

Transfusion  with  decalcified  blood.  For  the  production  of  a  hypocalcemia  the 
method  of  Hastings  and  Huggins  was  used  (12).  Several  large  dogs  were  bled  maxi- 
mally  and  the  blood  defibrinated  and  centrifuged.  The  serum  was  decalcified  by 
shaking  with  solid  lead  phosphate  and  then  centrifuged  to  remove  the  lead  phosphate 
with  the  adsorbed  calcium.  The  solid  lead  phosphate  adsorbs  about  80  to  90  per  cent 
of  the  calcium.  The  serum  was  subsequently  remixed  with  the  blood  cells  to  yield 
decalcified  blood. 

Small  dogs  (anesthetized  with  nembutal  or  with  ether)  were  alternately  bled 
maximally  and  immediately  transfused  with  an  equal  volume  of  decalcified  blood.  This 
procedure  was  repeated  every  10  minutes  for  2  to  2.5  hours  in  both  normal  dogs 
and  dogs  thyroparathyroidectomized  just  prior  to  the  onset  of  the  bleedings  and 
transfusions.  Blood  samples  were  taken  during  the  course  of  the  experiment.  Serum 
calcium  was  determined  by  the  method  of  Kramer  and  Tisdall  (13)  as  modified  by 
Clark  and  Collip  (14).  In  several  experiments  the  total  protein  concentration  was 
obtained  by  the  micro-Kjeldahl  method  of  Campbell  and  Hanna  (15).  The  distih 
lation  of  the  ammonia  was  carried  out  in  the  Goebel  modification  of  the  Pregl  micro- 
Kjeldahl  distillation  apparatus  (16).  The  proteins  were  estimated  by  multiplying  the 
total  nitrogen  corrected  for  non-protein  nitrogen  by  6.25.  When  protein  determina¬ 
tions  were  made  the  ionic  calcium  was  calculated  using  the  nomogram  of  McLean 
and  Hastings  (17). 

Injeaion  of  sodium  oxalate.  I>ogs  were  anesthetized  by  an  intravenous  injection 
of  sodium  barbital  (250-70  mg./kg.).  Large  amounts  of  sodium  oxalate  (40  mg./kg.) 
were  injected  intravenously  both  into  normal  dogs  and  into  dogs  thyroparathyroid- 
ectomized  just  prior  to  the  oxalate  injections.  It  was  found  that  the  animals  would 
tolerate  the  massive  amounts  of  sodium  oxalate  if  the  latter  was  dissolved  in  50  to 
100  cc.  of  0.9  per  cent  NaCl  and  the  total  dose  injected  over  a  period  of  30-45 
minutes. 

RESULTS  AND  DISCUSSION 

Confirming  the  findings  of  Hastings  and  Huggins  (12),  the  time  interval  between 
transfusions  was  found  to  be  of  great  importance  in  lowering  the  serum  calcium  to 
tetany  levels;  that  is,  at  20-minute  intervals  or  higher,  the  calcium  did  not  drop 
appreciably,  but  at  lo-minute  intervals  the  total  serum  calcium  decreased  to  5.5-7 
mg.  per  cent  after  about  14  transfusions,  and  in  several  dogs  localized  muscle  fibril¬ 
lations  and  tremors  were  seen. 

Twenty  to  30  minutes  after  the  last  transfusion  the  total  serum  calcium  rose  i 
to  2  mg.  both  in  the  normal  dogs  and  in  dogs  thyroparathyroidectomized  just  prior 
to  the  experiment.  Subsequent  samples,  40  and  80  minutes  after  the  last  transfusion, 
showed  no  further  rise  in  serum  calcium.  The  results  obtained  on  7  normal  and  3 
parathyroprival  dogs  are  indicated  in  table  i. 
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Table  1.  Changes  in  serum  calcium,  total  protein,  and  ionic  calcium  following  alternate 

BLEEDING  AND  TRANSFUSION  WITH  DECALCIFIED  BLOOD 


Normal  Dogs 

Parathyroprival  Dogs 

1 

2 

4 

5 

6 

7 

8 

9 

10 

Total  serum 

■ 

Ca.,  mg.  % 

9.98 

10.8 

9-3» 

9.88 

10.4 

10.3 

9-45 

11.7 

9-4? 

Normal 

Total  protein. 

mi 

Blood 

gm.  % 

Ionic  Ca., 

5.76 

5.98 

6.96 

5.65 

mg.  % 

4-8 

5.0 

4.6 

4-8 

■ 

Total  serum 

■ 

■1 

Ca.,  mg.  % 

6.95 

J.78 

5.78 

6.66 

5-79 

6.89 

J.46 

6.51 

After  15 

Total  protein, 

Nil 

Trans' 

gm.% 

4.64 

4.58 

j.9a 

6.75 

fusions 

Ionic  Ca., 

■II 

ing.% 

H 

D 

3-6 

a. 7 

a. 8 

Total  serum 

i  hour 

Ca.,  mg.  % 

8.8a 

7-8 

7.46 

7.6 

7.38 

8.16 

7.8 

8.4 

after 

Total  [N'otein, 

■HI 

15th 

gm.% 

8.54 

4.8a 

7-54 

Trans- 

Ionic  Ca., 

■■ 

fusion 

mg.% 

a. 8 

im 

D 

3-5 

Since  the  rise  in  calcium  was  of  the  same  magnitude  and  occurred  at  approxi- 
mately  the  same  time  in  both  the  normal  and  the  thyroparathyroidectomized  dogs, 
I  it  is  clear  that  a  mechanism  other  than  parathyroid  activity  must  be  responsible. 

Possible  sources  of  this  calcium  are,  a)  the  tissue  fluids,  b),  the  bone  salts. 

Owing  to  the  permeability  of  the  capilbries  to  the  diffusible  calcium,  the  calcium 
in  the  blood  is  in  equihbrium  with  the  calcium  of  the  tissue  fluids.  Should  the  dif¬ 
fusible  calcium  of  the  blood  be  lowered,  a  diffusion  gradient  would  be  set  up,  calcium 
diffusing  from  the  tissues  to  re-establish  the  equilibrium.  However,  according  to 
Hastings  and  Huggins  (12)  the  calcium  removed  by  the  above  procedures  had  ex¬ 
ceeded  that  calculated  as  being  initially  present  in  solution  in  the  body.  They 
interpret  this  as  evidence  that  the  bone  salts  are  freely  soluble  in  serum  which  has 
been  rendered  undersaturated  with  respect  to  the  bone  salts. 

In  the  light  of  other  experiments  involving  the  intravenous  injection  of  sodium 
oxalate,  it  is  quite  probable  that  had  these  experiments  been  continued  longer  there 


Table  1.  Serum  calcium  following  intravenous  injection  of  sodium  oxalate  (40  mg./kg.) 


Dog 

Serum  Calcium,  mg.  % 

Normal  blood 

30  minutes 
after  oxalate 
injection 

5-6  hours  after 
oxalate  injection 

I,  Normal 

11.2 

6.03 

9-88 

2,  Normal 

9.6 

7-1 

10.08 

3,  Normal 

11.75 

5-41 

8.84 

4,  Normal 

10.5 

6.76 

9.46 

5,  Parathyroprival 

9- 36 

6-34 

7.1a 

6,  Parathyroprival 

9.6 

5-7X 

7.06 

7,  Normal 

10.5 

5.65 

9.98 

8,  Parathyroprival 

10.4 

5.7a 

7.64 

9,  Nmnial 

9.a 

3-45 

6.95 

10,  Normal 

9.17 

a- 45 

7.1a 
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would  have  been  a  distinct  difference  in  the  blood  calcium  level  of  the  normal  and 
parathyroprival  dogs. 

The  changes  in  serum  calcium  following  the  intravenous  injection  of  sodium 
oxalate  are  shown  in  table  2.  The  serum  calcium  fell  immediately  after  the  oxalate 
injections,  but  rose  promptly  in  the  normal  dogs,  and  within  1.5  to  3.5  hours  returned 
to  the  normal  level  in  3  of  the  animals.  In  4  of  the  normal  dogs  there  was  an  increase 
in  serum  calcium  of  3.85,  3.43,  3.5,  and  4.67  mg.  A  rise  in  serum  calcium  of  0.78, 1.35, 
and  1.92  mg.  occurred  in  the  parathyroprival  dogs  and  there  was  no  further  change 
although  the  observations  extended  over  a  7'hour  period  (fig.  i,  2). 


Fig.  1, 2.  Serum  calcium  following  intravenous  injection  of  sodium  oxalate  into  (i)  normal 
dog  and  (2)  dog  thyroparathyroidectomized  just  prior  to  oxalate  injection. 


In  several  animals  irregular  respiratory  movements  followed  by  cardiac  arrest  in 
diastole  occurred  during  the  course  of  the  oxalate  injections.  This  was  attributed  to 
the  precipitous  fall  in  blood  calcium  induced  by  a  too^rapid  injection  of  a  concen- 
trated  oxalate  solution.  Goodman  and  Gilman  (18)  state  that  the  main  pharmacologi' 
cal  action  of  sodium  oxalate  is  due  to  its  ability  to  precipitate  calcium  from  the  blood 
and  body  fluids. 

The  fact  that  only  the  dogs  with  intact  parathyroids  possessed  the  ability  to  re¬ 
store  their  blood  calcium  to  normal  following  the  intravenous  injection  of  sodium 
oxalate  (where  there  was  no  complete  return  to  normal,  the  rise  was  at  least  twice 
that  observed  in  the  parathyroprival  animals)  indicates  that  the  parathyroids  are 
a  necessary  part  of  the  restorative  mechanism.  Whether  the  low  blood  calcium  is  a 
direct  stimulus  to  the  parathyroid  glands  or  acts  indirectly,  perhaps  by  way  of  the 
pituitary  or  some  other  intermediary,  is  not  evident  from  these  experiments. 

The  small  rise  in  serum  calcium  occurring  in  the  thyroparathyroidectomized  ani¬ 
mals  is  almost  identical  with  the  results  obtained  in  similar  animals  in  the  first 
series  of  experiments.  The  calcium  in  this  instance  may  possibly  come  from  the  tissue 
fluids,  the  bone  salts,  or  perhaps  there  is  a  dissolution  of  part  of  the  calcium  oxalate 
precipitate  by  the  reticulo-endothelial  system.  More  Ukely  there  is  an  excretion  of 
oxalate,  some  of  the  calcium  thus  being  freed. 

Thyroid'Parathyroid  Perfusion 

METHODS 

A  more  direct  experiment  was  performed  as  follows.  A  large  dog  was  anesthe¬ 
tized  by  an  intravenous  injection  of  sodium  barbital  (270  mg./kg.).  The  femoral 
artery  was  cannulated  and  400  to  500  cc.  of  blood  collected.  Heparin  was  added  as 
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an  anticoagulant.  The  blood  was  decalcified  with  phosphate  in  the  manner  described 
above. 

The  thyroid'parathyroid  gland  was  isolated  from  the  systemic  circulation  by 
tying  appropriate  blood  vessels,  leaving  open  only  one  artery  (the  superior  thyroid 
branch  of  the  carotid)  and  one  vein  (the  internal  jugular  into  which  several  thyroid 
veins  empty).  The  carotid  artery  was  ligated  alxjve  and  below  the  origin  of  the 
superior  thyroid  artery  and  a  cannula  inserted  between  the  ligatures.  The  internal 
jugular  vein  was  also  cannulated.  Decalcified  heparinized  blood  was  perfused  through 
the  gland  using  the  ordinary  drip  method  (that  is,  by  gravity)  for  1.5  to  2  hours  at 
a  rate  of  approximately  3  to  4  cc.  per  minute,  and  the  blood  coming  from  the  thyroid 
and  parathyroids  was  collected.  The  animal  was  killed  at  the  onset  of  the  perfusion 
to  insure  the  passage  of  only  the  perfused  blood  through  the  prepared  gland. 

On  the  following  day  the  plasma  of  this  perfusate  (50-75  cc.  of  decalcified  blood 
parathyroid  perfusate)  was  injected  intravenously  into  a  normal  dog  (anesthetized 
with  sodium  barbital)  and  the  serum  calcium  and  phosphorus  changes  were  noted. 
Serum  calcium  determinations  were  made  by  the  method  of  Kramer  and  Tisdall  (13) 
as  modified  by  Clark  and  Collip  (14)  and  inorganic  phosphorus  was  determined  by 
the  Fiske  and  Subbarow  method  (19).  In  several  experiments  the  dogs  were  given  400 
cc.  of  water  by  stomach  tube  before  injection  of  the  perfusate  to  insure  a  fairly  con¬ 
stant  diuresis  and  then  were  catheterized.  Urinary  phosphorus  was  determined  by 
the  method  of  Fiske  and  Subbarow  (19). 

In  the  control  experiments  the  same  procedures  were  adhered  to  but  normal 
heparinized  blood  was  perfused  through  the  gland.  The  collected  perfusate  (normal 
blood  parathyroid  perfusate)  was  injected  as  described  above.  In  two  experiments 
simultaneous  urine  samples  were  taken  and  the  values  for  urinary  phosphorus 
determined. 

Histologic  studies  were  made  in  several  experiments  using  the  unperfused  gland 
as  a  control  for  the  gland  perfused  with  decalcified  or  normal  blood.  The  thyroid- 
parathyroid  glands  were  fixed  in  Zenker-formol  and  after  sectioning  were  stained 
with  hematoxylin-eosin-azure. 

RESULTS  AND  DISCUSSION 

The  maximum  changes  in  serum  calcium  and  serum  inorganic  phosphorus  follow¬ 
ing  the  intravenous  injection  of  the  decalcified  blood  parathyroid  perfusate  are 
indicated  in  table  3.  The  average  increase  in  serum  calcium  was  2.22  mg.  and  in 
inorganic  phosphorus  2.31  mg. 


Table  3.  Maximum  changes  in  serum  calcium  and  serum  inorganic  phosphorus  pollowing  injection 

OP  DECALCIFIED  BLOOD  PARATHYROID  PERFUSATE 


Dog 

Serum, 

Calcium, 

mg.% 

Scrum  Inorg. 
Phosphorus, 
mg.  % 

Dog 

Scrum 
Calcium, 
mg.  % 

Serum  Inorg. 
Phosphorus, 
mg.% 

I 

3.71 

3.68 

«« 

3-48 

3-38 

3 

4-94 

5-54 

9 

1-33 

1.40 

3 

1.6 

10 

3-a 

4‘ 

1. 95 

-1.98 

II 

1-53 

3.38 

5 

3.9 

3.37 

13 

0.94 

6 

1.29 

1.59 

13 

1.94 

—0.76 

7 

0.83 

14 

0.51 

Average,  excluding  dog  4, 

*  Chronic  parathyroidectomized  dog. 

*  Ureters  ligated. 


2.22 


2-31 
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In  II  dogs  there  was  a  rise  in  serum  calcium  of  from  1.3  to  4.9  mg.  within  1.5  to 
3  hours  after  the  injection  (fig.  3-7).  Three  animals  (7,  12,  14  in  table  3)  showed  an 
elevation  in  serum  calcium  of  only  0.8a,  0.94,  and  0.51  mg.  The  failure  of  the  latter 
to  give  a  definite  increase  is  not  altogether  clear.  In  dog  14  the  vein  draining  the 
inferior  pole  of  the  thyroid  was  destroyed  during  the  dissection.  It  is  possible  that 
the  latter  is  the  most  important  venous  channel  for  the  parathyroid  glands.  However, 
the  presence  of  extensive  venous  anastomoses  in  the  thyroid  might  not  support  this 
contention.  Dogs  7  and  12  were  studied  for  only  5  hours  after  the  injection,  and  in  a 


Fig.  3-6.  Serum  calcium  and  serum  inorganic  phosphorus  following  intravenous  injection 
of  decalcified  blood  parathyroid  perfusate  into  normal  dogs. 

previous  experiment  the  maximum  rise  in  calcium  occurred  after  7  hours.  There  was 
also  an  increase  in  serum  inorganic  phosphorus  in  7  dogs,  but  the  maximum  elevation 
in  phosphorus  occurred  somewhat  after  that  of  calcium.  In  dog  2  the  rise  in  phos- 
phorus  was  preceded  by  a  fall,  while  in  dog  13  there  was  a  fall  followed  only  by  a 
return  to  the  normal  level.  Dog  4  (chronic  parathyroprival)  showed  a  fall  in  serum 
inorganic  phosphorus.  Urine  samples  were  collected  in  dogs  10,  ii,  and  13.  There  was 
an  increase  in  phosphate  excretion  within  i  to  2  hours  after  the  injection.  The  maxi¬ 
mum  increase  in  urinary  phosphorus  was  74.4,  46.4,  and  25.5  mg.  per  cent. 
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The  normal  blood  parathyroid  perfusate  upon  intravenous  injection  yielded  no 
significant  change  in  serum  calcium,  the  maximum  being  0.66  mg.  (table  4;  fig.  8). 
The  serum  inorganic  phosphorus  was  followed  in  4  of  the  dogs,  2  of  which  showed 
no  change.  In  dog  17  there  was  an  increase  of  1.54  mg.  but  this  may  be  due  to  phos' 
phate  retention  by  the  kidneys  since  the  ureters  were  ligated.  Dog  21  was  of  especial 


5£fi  calcium 


figs 


SER.INORG.  PHOSPHORUS 


Fig.  7.  Serum  calcium  and  serum  inorganic  phosphorus  following  intravenous  injection  of  de' 
calcified  blood  parathyroid  perfusate  into  a  dog  parathyroidectomized  5  days  before.  Fig.  8.  Serum  caL' 
ciUM  AND  SERUM  INORGANIC  PHOSPHORUS  following  intravcnous  injection  of  normal  blood  parathyroid 
perfusate  into  a  normal  dog. 


interest.  There  was  an  increase  in  serum  inorganic  phosphorus  of  3.3  mg.  and  at  the 
same  time  a  decrease  in  urinary  phosphorus  excretion  of  17.7  mg.  per  cent.  Here, 
apparently,  the  rise  in  serum  phosphorus  is  due  to  phosphate  retention  by  the  kidneys. 
In  the  next  hour  the  serum  and  urinary  phosphorus  returned  toward  their  normal 
levels. 

According  to  Logan  (20)  the  urinary  phosphorus  excretion  of  fasting  young  dogs 
is  not  constant  from  hour  to  hour.  This  may  account  for  the  changes  in  phosphate 


Table  4.  Blood  changes  following  injection  of  normal  blood  parathyroid  perfusate 


Dog 

Serum  Calcium, 
ing.% 

Serum  Inorganic 

Phosphorus,  mg. 

15 

—0.8 

0.45 

16 

-0.57 

17* 

0.51 

1-54 

18 

0.66 

19 

0.53 

20 

0.16 

—  O.I 

21 

—0.60 

3-3 

^  Ureters  ligated. 


excretion  observed  after  injection  of  the  normal  blood  parathyroid  perfusate  as  well 
as  after  the  decalcified  blood  parathyroid  perfusate.  However,  in  the  two  animals 
observed  after  injection  of  the  normal  blood  parathyroid  perfusate,  the  change  was 
mainly  in  the  direction  of  a  decrease,  but  our  experimental  studies  on  phosphate 
excretion  following  the  injection  of  both  types  of  perfusate  are  too  few  to  be  sig' 
nificant. 

Histologic  studies  failed  to  demonstrate  any  significant  difference  between  the 
parathyroids  perfused  with  normal  or  decalcified  blood  as  compared  with  the  control 
unperfused  gland.  Sections  were  taken  of  5  control  and  5  perfused  glands,  2  of  the 
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latter  having  been  perfused  with  normal  blood  and  3  with  declacified  blood.  In  all 
sections  the  epithelial  cells  were  normal  in  appearance.  In  a  glands  perfused  with 
decalcified  blood  and  in  one  gland  perfused  with  normal  blood,  crenated  red  cells 
and  some  bacteria  were  detected  in  several  of  the  blood  vessels.  However,  the 
presence  of  bacteria  is  not  surprising,  since  no  aseptic  precautions  were  taken  during 
the  perfusion.  Cytological  studies  (for  example,  osmic  acid  impregnation)  might 
demonstrate  a  significant  difference  between  the  glands  perfused  with  normal  and 
decalcified  blood. 

Since  comparatively  little  is  known  of  the  chemistry  of  the  parathyroid  hormone 
and  there  is  no  chemical  test  available  for  its  detection,  a  biological  method  (rise  in 
blood  calcium)  was  used  to  determine  its  presence. 

The  fact  that  there  was  a  significant  elevation  in  serum  calcium  when  decalcified 
blood  was  perfused  through  the  thyroid'parathyroid  apparatus  and  the  perfusate 
injected  into  a  dog  indicates  the  presence  of  an  active  calcium^raising  principle  in  the 
perfusate.  Whether  this  is  identical  with  the  hormone  as  secreted  physiologically 
by  the  parathyroid  cells  will  have  to  await  chemical  identification.  The  changes  in 
the  serum  phosphorus  are  not  in  agreement  with  the  results  usually  obtained  follow- 
ing  the  administration  of  parathyroid  extract.  Logan  (20)  reported  a  decrease  in 
inorganic  phosphorus  as  well  as  an  increase  in  serum  calcium  during  the  first  or 
second  hour  following  the  intravenous  injection  of  parathyroid  extract.  There  was 
also  an  increase  in  phosphate  excretion  at  this  time. 

The  apparent  discrepancy  in  the  direction  of  serum  phosphorus  changes  may  be 
due,  conceivably,  to  differences  in  the  concentration  of  ‘hormone’  used  in  the  two 
experiments.  It  would  seem  that  the  perfusate  contains  a  high  parathyroid  hormone 
titer.  If  the  active  principle  in  the  perfusate  is  acting  on  the  bone  salt  to  liberate  cal¬ 
cium,  the  increase  in  serum  phosphorus  is  not  unreasonable.  The  direction  of  change 
in  serum  phosphorus  is  probably  dependent  upon  the  ratio  of  the  increased  amount  of 
phosphorus  liberated  from  the  bone  salt  to  the  increased  amount  of  phosphorus  ex¬ 
creted  by  the  kidneys. 

Another  possibility  must  be  considered.  Is  parathyroid  extract  identical  with 
the  hormone  secreted  by  the  parathyroid  gland  into  the  blood?  Likewise,  is  the  cal¬ 
cium-raising  principle  in  the  perfusate  this  same  hormone  or  perhaps  only  an  active 
part  of  the  so^alled  parathormone?  Sinclair  (7)  found  that  the  function  of  fetal  rat 
parathyroids  was  depressed  by  an  excess  of  parathyroid  hormone  from  an  enlarged 
maternal  gland.  In  order  to  affect  the  fetal  parathyroids  the  hormone  must  necessarily 
pass  through  the  placenta.  Sinclair  suggests  that  since  parathyroid  extract  is  a  col- 
luidal  protein  and  there  is  some  evidence  that  molecules  of  this  size  do  not  pass  the 
placenta,  it  would  appear  that  the  extract  is  not  identical  with  the  secretion  of  the 
parathyroid  gland  as  it  is  hberated  into  the  blood  stream. 

The  experiments  reported  are  interpreted  as  evidence  that  a  low  blood  calcium 
is  a  direct  stimulus  for  the  parathyroid  glands  to  produce  more  hormone,  thus  indi¬ 
cating  a  humoral  control  of  parathyroid  secretion. 

SUMMARY 

1.  After  alternate  bleeding  and  transfusion  of  decalcified  blood  into  both  normal 
and  acutely  thyroparathyroidectomized  dogs  there  was  a  fall  in  serum  calcium  to 
5.5-7  mg.  per  cent.  Twenty  to  30  minutes  after  the  last  transfusion  the  serum  cal¬ 
cium  rose  I  to  2  mg.  in  both  groups  and  no  further  change  was  observed  during  the 
next  hour.  This  negative  finding  might  be  due  to  the  short  duration  of  the  experiments. 

2.  After  the  intravenous  injection  of  sodium  oxalate  (40  mg.  per  kg.)  into  normal 
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and  acutely  thyroparathyroidectomized  dogs,  there  was  a  fall  in  serum  calcium  to 
7  mg.  per  cent  or  below,  followed  by  a  return  to  normal  (within  1.5  to  3.5  hours) 
only  in  the  intact  animals.  When  there  was  no  complete  return  to  normal,  the  rise 
in  serum  calcium  was  at  least  twice  that  observed  in  the  parathyroidectomized 
animals. 

3.  When  decalcified  blood  was  perfused  through  the  thyroid'parathyroid  prepara' 
tion  and  the  perfusate  injected  intravenously  into  normal  dogs  there  was  an  increase 
in  serum  calcium  of  1.3  to  4.9  mg.  within  1.5  to  3  hours,  and  in  most  instances  an 
increase  in  serum  inorganic  phosphorus  of  almost  the  same  magnitude. 

4.  However,  when  normal  blood  was  perfused  through  the  thyroid-parathyroid 
gland,  the  collected  perfusate  upon  intravenous  injection  yielded  no  significant  change 
in  serum  calcium. 

5.  Histologic  studies  using  a  hematoxylin-eosin-azure  stain  failed  to  demonstrate 
any  significant  diflference  between  parathyroid  gland  tissue  perfused  with  normal 
or  decalcified  blood  as  compared  with  the  control  unperfused  gland.  After  perfusion 
the  epithelial  cells  were  normal  in  appearance. 

6.  The  experiments  reported  are  interpreted  as  evidence  that  a  low  blood 
calcium  is  a  direct  stimulus  for  the  parathyroid  glands  to  produce  more  hormone, 
thus  indicating  a  humoral  control  of  parathyroid  secretion. 

We  wish  to  acknowledge  gratefully  the  technical  assistance  of  Miss  Elizabeth  Wallerstein.  Our 
thanks  are  due  also  to  E>r.  WiUiain  Bloom  of  the  Dep>artment  of  Anatomy  for  the  histologic  preparations. 
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